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Lo EXECUTIVE SUMMARY

1.1 Proiect llescriDtion

Los A_lamos National hborato~ (LANL) contracted Radian Corporation

(Radian) to conduct a short-term, intensive air monitoring program whose goal was to

estimate the impact of chemical emissions from LANL on the ambient air environment.

Radian designed and implemented an innovative and high sensitivity strategy for

sampling and analysis of selected indicator chemicals expected to be present at very low

concentrations in the ambient air around LANL.

A comprehensive emission inventory hw.i identified more thfin 600 potential

air contaminants in LANL’s emissions. A subset of specific target chemicals was selected

for monitoring: 20 organic vapors, 6 metals and 5 inorganic acid vapors. These were

measured at 5 ground level sampling sites around LANL over seven consecutive days in

January 1991.

The sampling and analytical strategy used a combination of EPA and

N1OSH methods modified fol ambient air applications. Sumpling media included:

quartz fiber filters, low-background silicu gel sorbent, und evacuated stainless stetl

canisters. The sumple limits of detection achieved were:

orgimic vapors ().2 10 1.5 ppb v/v
metals ().()1 to 0.10 j4g/m’
ticid vapors ().()3 to 0.50 j4g/m’

These LODS were sufficient m detec[ low ICVCISot’ the target chemicals in the umhient

uir :lrmlnd LAN I..

l-l



12 Proiect Objectives. Scooe and Methods

The overall goal of this project wastoestimate theimpact of airborne

chemical emissions from LANL on the ambient air quality. Specific objectives to address

this goal were as follows:

1. identify a comprehensive target list of chemicals that are
characteristic of L4NL’s airborne emissions but :hat also contain
indicators of common urban and mral ambient air contaminants;

2. identi~ methods that are cupable of measuring the target chemicals
in ambient air at the low concentrations ( c 1 ppb v or c 1 pg/m3)
expected in the air around LANL;

3. measure the ambient air concentrations of the target chemicals at
multiple sites upwind and downwind of several LA.NL technical areas
over seven consecutive days during periods of maximum and
minimum laboratory emissions, i.e., when LANL was operating (7 am
-4 pm, Monday through Friday) and when LANL was not in
operation (Saturday and Sunday);

4. USQthe pattern of detection and the magnitude of the measured
ambient air concentration, the observed wind direction and the
periods of LANL operating/not operating to estimate the impact of
LANL’s chemical emissions on the ambient air quality.

The target chemicals for the IANL ambient air monitoring project are

listed in Tdble 1-1. They fall into three chemicul cltisses:

20 volatile orgunic compounds (VOCS)
6 metals in particulate matter
5 inorganic ucid vtipors

An overview of the sampling find analvticul methods is given in Tuble 1-2. The approach

was based on methods published by EPA tind NIOS}[, hut m(lditicd by Rudian either for

higher sensitivity or for measurement of u broader scope of tilrget chemicals.



Table l-l
Target Chemicals for LANL Ambient Air Monitoring Project

Organics Metals Acids
Name (CAS No.) Name (CAS No,) Name (CAS No.)

1. A&tone 1. Bcryilium 1.
(6744-1)

Hydrochloric Acid
(744041-7) (7*74314)

2. ,Mclhyi ●lcohol 2. Cadmium 2. Hydroflucxic Acid
(67-%1) (74404>9) (761S39-M

3. Meihyl mhyl ketone 3. Chfomium 3.
(7$933)

Nitric AC16
(7*7-3) (7697-37-2)

4, Me[hyl accwe 4. l.xad 4, Phosphoric Acid
(79-2&9) ( 7439-92-1) (7-38-2)

s. Xylcnc 5. Silver 5. Sulfuric Aud
(133M0-7-) (744LW4) (7664-93-9)

6. Tcichlorwlhylene 6. Umnium
(ZMM) (7440-61-1)

7. ,Me[hylenc chlondc
(754)-2]

0. chloroform
(674P3)

9. Hexanc
(110-54-3)

10. Toknc
( laI1-8&3)

11, Ethylene dlchlondc
(107*2)

12. CMbon Ielmchlonde
(%-5)

13. Benzene
(71412)

14, Isoocmc
(5-wwl)

Is, a -Pinene
(MM6-8)

16. l,l,l.Trichlomcthane
(71-55.6)

17, fhhyl benzene
@3414]

18. ~.ldorobenzcnc
( ISYW7)

Iv, r~ld h-lngcnmcd
hydrwrbuns [“[?(If)

1) “Iold nonmc!hanc
hydmcsrbmx I’ISMII[”)

1-3



Table 1-2
Oven&w of the Sampling and Analytical Methods for LANL Air Monitoring

Target Sampling/Analytical Sampling
Chemicals Method Source Medium

Radian modification of

Volatile Organic Vapors EPA TO- 14 CAN

Radian modification of

Metal Particles I NIOSH 7300 I QFF

IRadian modification of
I

Acid Sa!ts I NIOSH 7903 I QFF

Acid Vapor I NIOSH 7903 I SGS

Air Sample Volume

I

Analytical

I

Target LOD
(9-hours) Method Range

15L HKGC-MD 0.1 to I Pt)b

80 m’ A ES 0.02100.10 pg/m’

+
k.

NOTES: LOD = Iimi[ of detection
QFF = quartz fiber filter
SGs = silica geg sorbent
CAN = Summam-passivated. stainless steel canister
K = ion chromatography
A ES . atomic emission spectroscopy
HRGC-MD = high resolutioit gas chromatography - multiple detectors MD = flame iw,ization detector

(FID) + photoionization detector (PID) + halogen-specific detection (HSD)



Five sampling sites were selected for monitoring: four generally downwind

of technical areas in JANL that were identified as potential emission sources and one

remote, upwind background site. These sites me identified in the map of Figure 1-1 as:

TA-3 site A (to west), TA-3 site B (to east), TA-55, TA-59 and Background (BG) (off

the scale of the map to the south).

M.NL operates on a nominal 8 hours day shift, 40 hours per week

(Monday-Friday) schedule. Air samples were collected for 9 hours per day (7 am -4

pm) for seven consecutive days: Tuesday-Monday, 22-28 ]anuary 1991. Samples

collected on Saturday and Sunday were control or background samples that represented

a MB OFF condition. Nominal air volumes of 80 m’ were collected over the 9 hour

sampling period in a General Metals Model PS-1 PUF sumpler for the metais and acid

vapors. The VOCS were collected in evacuated stainless steel canisters. The analyses

were all conducted in Radian-s laboratories in Austin. Texas.

1.3 !hmmaiv of Results and Conclusions

Review of the sampling and analysis data indicates that the target LODS in

Table 1-2 were achieved. Table 1.3 lists the e~tima[ed LOD achieved for each target

chemical in this study. Thus, the objective of using high sensitivity measurement

methods was accomphshed,

An overview of all of the measured ambient air concerltrations is given in

Table 1-4 through 1-6. The minimum and maximum mleusured air concentrations for

each chemical at all sampling sites are given and cun be compared with the occupatiorml

exposure standard, the TLV-PEL.

Table I-4 gives the range of measurement results for the target organic

chemicals for all three VOC sampling sites. Eight t)t’ the org.iilics were not detected und

are not listed in Table I-4.
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Table 1-3
Estimated Sample Limits of Detection Achieved for

LANL Target Chemicals

LOD
Orgilnics @g/m3)

Acetone 0.7
Methyl alcohol 1.5

2-Butimone (MEK) 1.5
Methyl acetate 1.5

Xylene 0.4 I

I

Trichloroethylene o.~

Methylene chloride 02

Chloroform ~m~

Hexane 1,()
Toluenc 0,4

Ethylene dichloride 0.2
Carbon tetrachloride 0.2

Benzene 0,4
Isooctane 1.0
a -Pinene 1,0

1,1,1-Trichloroethane ().2
Ethyl benzene 0.4
Chlorobenzene (),4

Total halogenated
hyrdocarbcms (TXH) 0,5

Total ncmmethane
hydrocarbons (TNMHC) 1,()

3

LOD
Metals W@?—.

Beryllium 0,()I
Cadmium 0,02
Chromium (),03

had 0,()1
Silver ().05

Uranium 0,10
+

LOD I

Acid Vapors (pg/ml)

Hydrochloric ucid (),1(1
Hydrofluoric ucid (),()7

Nitric acid (),()3
Phosphoric ucid (),5()

Sulfuric ticid (),15

I-7



Table 1-4

Summary of Target Organic Air Concentrations for Seven Day
Sampling Period at LANL: Range of Measured

Concentrations for All Sampling Sites

Target Minimum Maximum TLV-PEL2
Chemical* @g/m’) @g/m’) @g/m’)

Acetone ND (<0.7) 43.3 1,780,000

Benzene ND ( <0.4) 6.3 32,000

2-Butanone ND (< 1.5) 10.7 590,000

Cyclohexane ND (< 1.0) 139 1,030,000

Ethylbenzerw ND ( < (),4) 3.1 434,()()()
1 1 1

n-Hexane ! ND (~: 1.0) 4.0
I 1 -l176,000

Methanol ND (< 1.5) 92,0 262,000

Methylene chloride ND (<0,2) 6.1 174,000

Toluene 1,7 19.1 377,000

1,1,1-Trichloroethane 0.5 16,4 1,910,000—

o,m,p-Xylcnes ND ( <(),4) 10.8 434,000”

TNMHC 67,2 967.() NAP3

THX 3,6 86.0 NAP

1Only 13 of the 20 target organic chemicals were detected in the ambient air,

2This concentration is the occupational exposure standurd,

‘ NAP = not applicable,

1-8



carbon tetrachloricle iso-octane
chloroform methyl acetate
chlorobenzene a -pinene
ethylene dichloride trichioroethylene

Cyclohexane was il~t on the original target chemical list but was identified with high

frequenq,’ in the ambient air so it was added tG the list in T~ble 1-4, Toluerie wa$ the

hydrocarbon detected with the highest frequency and concentration, However, the

maximum concentration for toluene was a factor of almost 20,000 lower than its TLV-

PEL, The maximum air concentrations for all other organic chemicals listed in Table 1-

4 are at least a factor of 10(M)lower than their TLV-PEL, The occupatiorltil exposure

levels (C)Eb,) referenced in the New Mexico Environrnentul Improvement Boitrd Air

Quality control Regula!im 702 are based on the OSHA Permissat .?Exposure Limit

(PEL) or the ACGIH Threshold Limit Value (TLV),

Table 1-5 gives the minimum and maximum air concentrations for the target

metals. Only lead wus detected and its maximum laeasurcd concentrutiort (0,04 flg/m3)

was a factor of 1250 lower than its TLV-PEL. For the metals that were not detected in

this study, the limit of detection (LOD) wus it factc. of 2!)0 or more hclow the TLV-

PEL,

Table 1-6 gives the minimum and maximum uir c[}nccntriltions for the turgct

inorganic acid vapors, Nitric acid WM dciecied with I(W% frequenq tit till sites, und

sulfuric acid with 100910frequency at all sites except [hc Iluckground site ([1%),

I{ydrofluoric and phosphoric acid were not dctcctcd tit :III; hydrochh~ric ucid was

detected with u l“lf% frequency, Tltc muximum nlcasurcd :,ulfuric ucit.1conccntrution wus

u fuctor of 300 h)wer than the ‘II V-PE1.,; f(}r nitric i~~id the tilctor Wils 5h(M).

Therefore, ull of t,lC mcusurcd iln]hicllt ilir ct}nccntrilti(ms for the targcl

chemiculs in this study w~rc WCII bch)w their oct~(]l);lti{)n[ll cxp[wrc limits (“l-LV. I’lll. ),

~is(li~ll~hy ii I:wmr of I(NM)(w more.



Table 1-5
Summary of Target Metal Air Concentrations for Seven Day

Sampling Period at IJ4NL: Range of Measured
Concentrations for All Sampling Sites

Metal

Beryllium
Cadmium
Chromium

Lead
Silver

Uranium

Minimum

@g/m])

ND (<0,01)
ND (<0.02)
ND (<0.03)

0.012
ND (<0.05)
ND(<O,l)

Maximum I TLV-PEL’

@g/m’) Win’)
I

ND (<0,01) 2
ND ( <0,02) 10
ND (<0.03) 500

0.04 50
Nt) ( c ().05) 10
ND(<[!l) 50

‘ This concentration is th~ occupational exposure standard.

~ Limit of detection (LOD) for lead = (),01 /~g/m3.

1.10



Table 1-6
Summa~ of Target Inorganic Acid Vapor Concentration for Seven

Day Sampling Period at LANL for all Five Sites

Acid

Hydrochloric Acid
Hydrofluoric Acid

Nitric Acid
Phosphoric Acid

Sulfuric Acid

Minimum

(@m3)——
ND (<0.10)
ND ( <0,07)

!).293
ND (<0.5)

ND (<0.15)

Maximum I lLV-PEL1
(}tg/m’) I Wm3)

0.6 750(-F
ND ( c 0.07) ~~~

0.92 5200
ND ( cO. S) 1000

3.3 IOoo

1This concemration is the occupational exposure slandard,

2 This is a ceiling value, a concentration never to he exceuhxlm

J IINOl Limit of Detection (LOD) = 0.03 pg/mJ,

1-11



Evaluation of thepattern of these measure dairconcentratio nsusing

sampling site, wind direction and the status of IANL’s operations (operating/not

operating) allowed an estimation of the possible impact due to LANL’s chemical

emissions.

conclusions

The following conclusions can be drawn regarding this study:

1, The objectives of this study were achieved: the sampling and analysis
strategy was effective in measuring vc~ low ambient air
concentrations of three classes of target chemicals (acid vapors,
metals, VOCS) and ill estimating ihe impact of LANLs chemical
emissions on ambient air quality.

2. There was no indication that chemical emissions from ML were
having a sign} fictuu negative impact cm the ambient air quality
downwind of IANL.

3. A number of target chemicals were identified whose umbient aii
concentrations, although very low, were apparently correlated with
LANL laboratory operations: lead, toluene, benzene, and particulate
matter containing salts of chloride, nitrate and sulfiite. The piittcrn
of detection of these chemicals wiIs consistent with the hypothesis
that all of these chemicals could he associated with the vehicular
traffic on the public roads around LANL, Since most of the
vehicular traffic on the roads around LANL is associated with LANL
staff (commuting to/frcm work, etc.), the Ievcl of vchiculur traffic
and therefore vehicular emissions would also bc correlated to
laborimmy operations, i.e., lower on the weekend than on week days.

4, The numhcr of sampling sites Wiis not sufficient to allow the study to
distinguish hctwccn emission sources within the LANI. technical
arcus and from tF,’! public rt);lds,

s. . There wils m) indic:ltion [hat :Iny of the t:lrgct chcmids were prcsct]t
in the ambient air around I./\NI. (from whi~tevcr source) ilt a
concentration to be of concern from the point of view of chronic
hum:m inhilli~ti{)n exposure in [hc community.



2.0

selection of

selection of

procedures,

2.1

MEASUREMENT METHODS

The monitoring methcds are discussed below under seven mpics: 1)

target chemicals for air monitoring, 2) sampling and analytical methods, 3)

sampling sites, 4) strategy for the sampling schedule, 5) quality control

6) meteorological measurements, and 7) data reduction and presentation.

Selection of Tarwet Che mical$

The target chemiculs for LANL

the following criteria:

● estimated

air monitoring were selecwl on the basis of

annual emlsslons trom LANL operamms (see I time 1-l);

● potential for human chronic health effects (see the New Mexico
Environmental Improvement Board Air Quality Control Regulation
702);

b selectiml of chemical species that are characteristic of or unique to
LANL operations, or that are characteristic of or a surrogate for tin
interfering process or source expected in the LANL area:

b uvailahility of an ambient air sampling tind analytical method capable
of measuring the airborne chemical at concentrations of 1 ~/g/m-’ or
lower: and

● a chemical found with high frequency in EPA’s LJrbiin Air Tuxics
Monitoring Progrum (UATMP), i,c,, an urban air pollutant.

Using these critcriu three groups or classes of chemicals were identified us targets:

Group 1: five inorganic ucids as vupors, listed in Tiihle 2-2,

Croup 3: 1!! w)ltile orgimic compounds (VOC.’S) plus tOtitl
nonmcthanc hydrocilrbons (’lNM] {(’) :ItN.I total
tli~l[~~cniitcd hylrocilrht)ns (TX] {), Iistcd in Ti~l~l~ 2-4.

2“ I



Table 2-1
Estimates of Annual Airborne Emission; *
Total for all Technical Areas at IANL

ChemiA or Substance

Kerosene
~cemne
Gasoline

Methyl alcohol
Ammonia

2-Butanone(MEK)
M&P naphtha

Hydrogenchloride
Nitric acid

Methyl aceca[c
~ylene

Trichloroe[hvlcnc
Nitric oxirjc

Nitrogen OXKIC
‘ Butoxye[hanol..
Stoddardsolvent
Isopropylalcohol

Methylenechloride
Turpentine
soft Wnod

Nitrous midc
Chloroform

Hexane
Toluene

Welding fumes(cadmium.uhromium.silver)
Aceconilrile

Tetrahvdrnfurm
Sulfuricacid

Dioxane
Sec-t~u@Amhd
N-b@ ticeta[c
Fuor;dcs, as F

Acetic acid
Fluorine

Ethyl acctatc
Ethylene dichloride

Pyridinc
Dimcthvlfcrrmumidc

Ethvlcne glycol vapor

N.mnvl acetmc
Trichlr-wowetic ;cId
Hvrirogcn peroxide

prop’4 alcohol
Phenol

Lithium hvdridc
SIyr:nc

Phosphoric ticid
Ethvl ether

%fethvl (Ohl(wi(k
(Udrtl{m Ic(rdtltlorl(i.”

Emission (pounds /vcar I

1s,256
10,872
7,269
4,437
3,816
3,18(.I
2,162
1,832
1,764
1,5(X)
1.347
1,229
1.(W
ISW
1.014

w 1
829
7(JZ

579
525
450
443
435
268
33
-~.
194
~~1
I Iv
1{)9
100
(p)
%
~~



These chemical groups were also the tmsis for the sampling and analytical methods used.

Group 1 acids and Group 2 metids were sampled using a unified method

that combined three technologies for optimized ser~sitivity and selectivity: the high

volume model PS-I Particulate/Vapor Collection System (shown in Figure 2- 1), NIOSH

Method 7903 for inorganic acids (see Appendix A-1) and N1OSH Method 7300 for

metals (see Appendix A-2). A low-blank quartz fiber filter (QFF) collected acid mist

particles and metal-containing dust partict SS. A silica gel sorbent (SGS) cartridge

downstream of the QFF collected acid vdpors. The QFF were cut in half for analysis:

half for acid anion analysis (NIOSH 7903) and hali’ for mettils analysis (NIOSH 7300).

Art ovemiew of the sampling and analytical r,lethod specifications, including

the target or expected limits of detection (LOD), k given in Table 2-5.

Group 3 organic taper were sampled into pre-cleaned evacuated stainless

steel canister as shown in Figure 2-2, The analytical method was developed by Radian

and is included as Appendix A-3. The method is equivalent to EPA’s Toxic Organic

Method TO- 14, This method achieves u high level of sensitivity and specificity by using

high resolution gas chromatography (HRGC) and three detectors: flume ionization

(FID), photoionizatir)n (PID) and hdogcn specific (HSD) detection.

2.3 S9kW.n of StJm91inE Sites

Five ground level sampling sites were chosen to monitor the major IANL

emissions ureas, The h)cution tind ruti(jn:ile of these sites i~ given in ‘ri~hlc 2-(). The

target chemical groups m be monitored ~t each si~mpling site we given in “[’i\hle 2-7.

Four tire downwind sites tinci one is un upwind site, ‘Hlc sites iife uls(l shown 011 mnps in

I;igurcs 2-3 [ilr(mgh 2-5,



d ‘ MODEL GPS1 PUF SAMPLER
—. , .,... —...C. .--. !—.. —— - . . . . .

. t

Pesticide Particulate and Vapor Collection System

Samples semwolatlle organic compounds
Especially designed for sampllng ilrborne parllculates and
vapor contamination from pes!lclde cornpollnas
Successfully demonstrated to efftc~ently collect a number
of Organochlortne and organophosphate pesrlcldes
By-pass blower motor design permlls continuous sampling
for’ extended periods at rates to 280 Ilters per mlnutc
Proven sampler compounds housed In alumlnurn shelter
anod/zed for outdoor service.
Samples In accordance with U.S. EPA Method T04,
“Method tor the Oeterrnlnation of Organochlorlne Pesti-
cides and Polychlorlnated Blphenyls In ‘,mblent Air.”





Table 2-2
Target Inorganic Acids in Group 1 for L4NL Air Monitoring

Name I ML Emissions c I PEL-TLV

(CAS No.) ! (lbs/yr) ! (fig/m3)

1. Hydrochloric Acid 1832 7500b
(7647-01-0)

2. Nitric Acid 1674 5200
(7697-37-2)

3. Sulfuric Acid 121 1000
(7664-93-9)

4, Hydrofluoric Acid 99 2600°
(7664-39-3) .

5. Phosphoric Acid I 19
I

1000
(7664-38-2)

‘ This concentration is the occupational exposure standard: either the OSHA-PEL or
ACGIH-TLV (whichever is lower) for an 8-hour occupational exposure; it is the same as
the Occupational Exposure Level (OEL) cited in New Mexico AQCR 702.

b This PEL is a ceiling value, a c incentration never to be exceeded.

c

[ 988 Lrnissions Invc) m-y Estimates



Table 2-3
Target Metals in Group 2 for LANL Air Monitoring— —

Name PEL-TLV’
(CAS No.) @g/m’)

1. Beryllium 2, .42b
(744(-)-41-7)

2. Cadmium 10, A2
(7440-43-9)

3. Chromium 50(.)
(7440-47-3)

4. Lead 50
(7439-92-1 ) .—

5. Silver 10
(7440-22-4)

6. Uranium 50
(7440-6 1-1)

‘ This concentration is the occupational exposure standard: either the OSHA-PEL or
the ACGIH-TLV; OEL concentrations in New Mexico AQCR 702 are the same or
higher, reflecting outdated values of the PEL/TLV.

‘Al’ suspected human carcinogen.

:.7



Table 2-4
Target Organic Vapors for LANL Air Monitoring ●

Bcs[
lANL TLV-PEL Other IANL

Name Emission WA Sources Indic.
(~ No.) (NJ@) (ppm ) (1) (2) Rationale

,. Acetone 10,872 750 l,N * Highest
(67-64-1) emissions

I.. Methyl alcohol 4,437 ‘m I,N,V High emissions
(67-56- 1)

1. 2-Bumone ( MEK) 3,180 2cm3 I.N . High emissions
(78-93-3)

1. Methyl acctalc 1s(u) XXI I,N
(79-20-9)

i. Xyknc 1347 1(KI I,N.V . High cm&ions
( 1330-20-7)

i. Trichlorcwhylenc I *229 50 I ● High cmissiona
(79-01-6) good indicator

7, Methyicnc chloride 702 50 (A2) I ● Good indicator
(75-09-2)

J. Chloroform 443 Ill (A2) I,N ● Good indicatof
(67+63)

?. Hcxane 43s 50 I,N,V
(110-54-3)

10. Tuluerw W 1(M I,N,\’ Vchiclc
( 108-W3) exhaust

indicator

11. Elhylcne dichloride 66 I(I ● Good indicatol
( 1O’7-W2) —

12. Carbon tctrachloridc 12 5 (A2) I,N ● Good indicatol
(5623.5)

13. Benzene NL I (A2) I,N,V UATMP (3)
(7143-2) indicator

14. lsooctane NL NL v (kolint
(540-N4-I ) indicatt}r

15. rJ.Pincnc NL NL N Vegetation
itlo-56.ti) indicatt)r

16. 1,1,1-Trichl(mc[hanc NL 3s(’) l,N UATMP
f71-55.(1) indical(w

2-8



Table 24
(Continued)

I UN.

Name Emission

18. Chlorokucne I NL(1OR$O-7)

19. Total halogcna[cd NL
hydrocarbons (TXH)

20. Total nonmcthanc I NL
hvdrcwdxms (TNMHC)

TLV-PEL

(%)

100

10

II Best
Other L4NL

Sources Indk
(1) I (2) I Rationale

I,N,V IUATMP
indi~tor

1 I IUATMP
indicator

NL
I I IScreening

NL I I Screening

NOTES:

1. Other sources: I = industrial, N = natural, V = vehicular.

2. These eight organic compounds arc expected to provide [he hcstindication of IANL operations impact on
ambient air quality.

3. UATMP = Urban Air Toxks Monitoring Program, a current US EPA project being conducted b~ Radian.



Table 2-5
Ovemiew of the Sampling and Analytical Methods for LANL Air Monitoring

Air Sample Target LOD
Target Samplin8/Analytical Sampling volume Analytical Range

Chemicals Method Source Medium (8-hours) Method (~g/m3)

GROUP 1

Acid Salts NIOSH 7903 QFF 80 m’ Ic o. I m 0.5

Acid Va@r NIOSH 7%33 SGs 80 m’ Ic 0.1 to 0.5

GROIJP 2

Meid Particles I NIOSH 7300 I QFF I 80 m’ I AES I 0.02100.1

GRCUP 3
r,~ I

Vokmk Organic Vapors I EP.4 TO-14 CAN I 151 I HRCG-MD I 0.5 to 5
,

%OTES LOD . Iimtt cifdetection
GFF = glass fiber filter
SGs . >il:ka gel sorbml
c-*\ = Summaw-p3s5i\ ated. st~inless steel canister
IC = ion chromatography

SES = atomic emission spectroscopy
HRGC-MD = high redution gas chromatography - multiple detectors; MD = flame ionimtion

detector (FIDJ + pholoionization detector (PID) + halogen-specific detection (HSD)



Table 2-6
Locations and Rationale for Sampling Sites for LANL Air hlonitoring

Site Rationale

TA-3 Site A This sampling site is S of West Jemcz Road md on the paio of
the cafeteria. This site is downwind of TA-3 when the wind
direction is from the S md is between TA-3 md the LOS Al~mos
community, This is ~pproxim~tely ~ “fenceline” s~mpling site on
N-NW side of TA-3, The grcmnd level ambient uir concenmtions
of my chcmicd emissions from TA-3 migrating toward the
community would he higher at this sumpling than in the
community across the canyon. :\ll three target chemicul groups
will be s~mpled here.

TAJ Site B This sumpling site is E d Diamond Drive and udjaccnt to the
parking lot. This site is downwind of TA-3 when the wind is from
the SW, Othewise the rationtile is the s~me w for TA-3 d id]
three chemictd groups will he sampled,

-r/4.55 This sumpling site is chosen to s~mplc the air downwind of TA=55,
m we~ with the highest emissions of inorgunic ucid vupors, The
site is N-hfE md ~cross t cmyon from TA=55, I {owever, becwic
of the topography it is [he closest ( -14 mile) site on the s~me
elcv~tion as TA.55 hm no obstructions to nir flow, It will hc
downwind of TA=S5 for wind from the S-SW, Only Group 1 ucids
sumplcd here. — ——

“rA.59 This sumpling site is directly ucross the r(iwl from ‘rA.St) A will
he downwind of TA-59 ft)r winds from S-SW, Ilis site is (rely 200.”
3(N) feet from TA-59 and rcprcscnts u p[)int [lf tnaximum grollntl
Icvcl impact for ncid v:ipor emitted from TA.S9, only Group 2
ticids sumpled here,

Huckground (13G) A site S (tf lhc I.ANI. cornplcx (t~cur Il:lnd;llicr Nuti(~n:il
Monument) to bc chtirilctcri:,tic [~f the uir upwind ot” iill IANI.
emission sources. All three torgct chcmic:ll groups \iill~~]lcd here.



Table 2=7
Overview of the Air Monitoring Scope and Strategy: Target

Chemical Group to be Monitored at Each Sampling Site

Smplc site Site Group 1 Group 2 Group 3
Rationale Acids Metals Organim

1. TA-3 Site A Downwind x x x

2. TA-3 Site B Downwind x x x

3. TA-S5 Downwind x

4, TA-59 Downwind x

5, Background UDwind x x x

‘“12.
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l%esesites were selected based on several criteria: proximity u]the~’L

potential emission areas, historical wind direction patterns compiled by tiNL

meteorologists that place these sites upwind or dov’nwind of potential emission areas,

utility in estimating the impact of LANL emissions on the LOS A]amos community, and

proximity (in some cases) to electrical power,

2.4 ~trateev for a Samt)line Schedule

In discussions during an initial site visit it was decided that iI one working

week sumpling period would be sufficient t:) yield a representative short term estimtite of

lJ+NL’s emissions on the ambient air. Almost all emissions occur during the single day

shift, 40 hour work week. Although some sources may be periodic (with unspecified

perimlicity) or episodic, 5 consecutive work days of air sirmpling during 9 working

hours/day would provide iI reasonable estimates of mean ambierlt air concentrations u

well as estimutcs of day-to-day variability. The sampling pcrim.i chosen was 7:00 a.m. to

4:()() p.m. to include all @time operations that could generdte emissions.

Air samples were also collected on !!hturduy uncl Sunduy when LANL

[q)er:itions were expected tt) he minimul and vehicultir trut’fic in the technictil ilreas

w(mld also be lower. “I%ese sumples were collected at all 5 sumpling sites ;Icc(jrding to

the strategy in Tuhle 2.7, These samples scrwed i~s“laborumry off” controls to help

cv~luiite Ihc results from :Imbicnt air mciuwretnen~s (or “lilhor~tory” t]n” conditions”

( M(Jnduy-Friduy), An ovewiew of the air wllpling sc(qx :Ind strategy is shown in Tuhlc

2-8. /\ t(ltul of 172 air sumples illlll field Q(: 5illllplC!i were Collcctcd, iwluding 45 acid

wI[ samples thut were n{)t directed to iillv ot” the scicctcd [i~rget ~h~tllicills. Acid stilt

pirrticuluic ~ils c(dle~f,cd {m the QF1; ho thilt the suit w(mld m)t interfere with [hc

~.[)llcc[i(m of [he :Icitt ~il~)or on the S(; S. “I”hc ~l:lily ~Jl:lccmcnt of the 7 PIJ1: wlmplcrs

ilnd the 4 (’AN swty~lcr~ is sll(~wn in ‘l”iihl~ J-V,



Table 2-8
overview of the Air !hmpling Scope and Strategy:

Number of Samples by Group and Day

Targr.t
Chemical

GROUP 1

Acid salt sample
Field duplicate
Field trlank

Acid vapor sample
Field duplica[c
Field spike
Fichl blank

I I Total
%rmpling DqJ Number

Sample ‘ Tue Wed Thu Fri sat Sun Mon or
Mctium 1 2 3 4 5 6 7 Samples

Number or air samplw + UC

OFF I 5 I sl~rlos I 35

ii

OFF
(jFF I
SGs 5
S(;S
S(;S
S(;s 1 d

1
1 1

5 7
1 1
1 I
I I

GROUP 2 Numhcr 0( air .amplcs + UC

Me[al particula[c 3 3 3 3 3 .l 3 21
Field duplica[e w I I 1 I I I b
Field spike OFF I I I I I 1 b
Field blank OFF 1 1 I I 1 I I 7

—
40

GROUP 3 Number ~d’uir mmplm + OC

Orgmic vapors CAN 3 3 .l J .! 3 3 21
Field dupli:a[c CAN 1 1 1 I I 5
Field blank CAN I I 1 1 1 I I 7

33

TIt[id Air Samrdcs + FIcl~ (X’ 172

..

2-17



Table 2-9
LANL Sampler Placement

Sampler Tu WE TH FR SA Su MO
No. Type 1 2 3 4 5 h 7

PUF-1 AA A A A A A A A

PUF-2 AA B B B B B B B

PUF-3 AA c c c c c c c

PUF4 AA D D D D D D D

PUF-5 AA E E E E E E E

PUF-6 FD - A B c D E A

PUF-7 FS - A B c D E A

CAN-I AA A A A A A A A.

CAN-2 AA B B B B B B B

CAN-3 AA E E E E E E E

CAN-4 FD - A B E A E -

SITES:

A

B
c
D
E

mw:

AA
FD
Fs

TA-:!
TA-3
TA-55

TA-59
BG =

umhicnt tiir

fickl duplicutc
field spike



2.5 Ou alitv Control Procedures

The identity and number of QC field samples is shown in Table 2-8. Three

types of field QC samples were used:

Field duplicates were two samples located at the same site and sampled for

the same time: field duplicates are used to estimate total method precision,

i.e., including both sampling and analysis precision.

Field spikes were samples th:~l were spiked or (ortified in the field with

known quantities of the target chemicals; the quantitative recovev of spiked

samples is use m estimate total method accuracy.

Field blanks were samples of the sampling media that have no air drawn

through then hut ure coded, handled and shipped from the field just like the

air samples: field blanks are used to determine the presence of interferences

in the sampling and analytical method.

All field QC samples were coded like air samples und were submitted blind to the

anulvtical luborato~.

Field QC iIlso requires the use of a Chuin of Custm.ly (COC) record form

for ;~ll samples collected. An example COC rec(~rcl form is shown in Figure 2-7, All air

sampling dutu was recorded on a PS- I Sample lnformution Form. An example PS-I

term is shown in Figure 2-H. Sampling tlow rutes were set at the beginning of euch ~-

h(mr sumpling period and checked ewhty two hours during s:impling.
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S4mpl@

sample

.~pl. Infommtlon Fo~

Numbw : Collwtor:

Location:

Inltlal ~lapsod Tfmr Roadlng: cEmElcl

Ffnal Elapsad Tfmar Romilng:
mmzcl

Total Elapsed Tfm: mln

Inftlal Final

Magn@h@lfc WJgo Roadlng:

flowrata: tcm tcPJ

Avarago flowrat. During Sampllng: tcm

Oat. and Tfm Cartrfdga Installed: //
::::— — —

Gata md TIw Stmpl f ng Start@d: //
H:- — —

Oata and Tfm Sampling Stop@: //
M:- — —

Oat. and Tfm Cmtrldgo Rmv@d: P.M. / /——

PS-1 Sampler IEPA Nmb.r:

SamPla Ctrtrfdgo Nubor: Blank Ctrtrfdgo Number:

Commts:

For Laboratory U80



Meteorological !$ferwrement~

Theexisting meteorological system of LANLwus used to measure wind

speed, wind direction, relative humidity and temperature during the 7-day sampling

period: January 22-28, 1991. Met data was taken from the TA-6 tower. Wind speed

and direction were taken from the lowest (12 meter) level of sensors; relative humidity

and air temperature were taken from the ground level (1.2 meter) sensors.

2.7 Data Reduction and Prese~tlgn
.

of Air hlonitorin~ Resu it$

Aii air concentrations were calculated at pg/m]. Individual turget chemical

air concentrations were tabuiated to facilitate comparisons on a day-to-day. site-to-site

and upwind vs. downwind basis, Meteoroiogicai data coilected by LANL mereoroiogist

during the sampling period were used to help interpret the significance of the measured

ambient air concentrations. QA/QC resuits fur the sampiing and wmiysis were

evaiuated. Graphicai presentations of measured ambient air concentrations versus

sampiing site and day were used to show the puttern of target chemicai detection. This

heiped to determine if emissions from LANL were having u measuruhie impact on

timhient r.ir quaiity.



3.0 AIR MEASUREMENT AND QUALITY CONTROL RESULTS

The monitoring and QC results will be discussed below under four headings:

1) inorganic acids, 2) metals. 3) volatile organic compounds, and 4) meteorological data.

3.1 Inom anic Acid$

The frequency of detection and the limits of detection achieved for the

target inorganic acid vapors are shown in Table 3-1, No hydrofluoric m phosphoric acid

vapor was detected at any site on any day. The detection of hydrochloric, nitric and

sulfuric acid vapor by sampling site and day is shown in Tuhles 3-2, 3-3 tind 3-4,

respectively. These tables also show the six sets of field duplicate results.

J%ecision

The pooled coefficient of variation (CV) based on the field duplicate results

for hydrochloric, nitric and sulfuric acid vapor is shown in Table 3-5. The CV is seen to

be in the range of O to 14%.

RecQmY

The recoveV of the six field spiked QC samples for inorganic acid vapors is

given in Table 3-h, Four inorganic acids were spiked on the quartz fiber filters (QFF) in

aqueous solution; hydrofluoric (HF) acid was not in [he spiking solution. Ambient air

was drawn through the spiked QFF at the sume flow rote iIs the air s~mples (80 m’ in 9

hours). The more volatile acids (HC3, HN03, H2S04) were completely or pariially

vap(wized and were collected on the SGS. Their recoveries were meusurcd from the

SGS,

Hydrochloric and nitric ticid vapors were quantitatively capmrcd in the silicti

gel sorhent (SGS), The phosphoric w-id spike WM t’~mm.lI() rcmuin 011 the OFF,

pr[dxibly hecuuse of its low v(datility. The sulfuric acid spike wtis found to ;wrtition

bctucen the QFF and the SGS with some vtiriubility t~n ii diy to diiy busis. For 5 (mt of

the (1field spiked QC ~umplcs m(~re thtin hulf [)f the 11,S(),1$pikc wtis rcc(wcrcd from.

the SGS.

J. I



Table 3-1
Frequency of Detection and Limits of Detection

for Inorganic Acid Vapors

Inorganic I Frequency I Limit of
Acid of Detection Detection

Vapor I (%) I @/m3)

Hydrochloric (HCI) I 17 I 0.10

Hydrofluoric (HF) I o t 0.07

Nitric (HNO.) I 100 I ().03

Phosphoric (H3P04) (-) (),50
I I

Sulfiric (H.SO,) I 94 I (),15



Table 3-2
Los Alamos HCI (vapor) Results

Concentration as ug/m3

1/22/91 1/23/91 1/24/91 I /25/91 I /26/91 I /27/91 1/28/91

Site Tu~y Wedmsda y Thursday Friday Salurday Sunday Monday

rA-3f*J ND ND ND ND ND ND ND
.- — --------- , .— ----- —--—- .— ----- ------- -------- ------ ------ ------ --------------- ------- ------- --------------

‘Ield dup. ND ND

r.~-3 [B) ND ND ND ND ND 0.2 ND
-----—- ----- ------— ——- —----_ ----- -------- ------. ------- ------ --------------- ------------- -------------
ie~ dllp ND

FA-55 ND ND ND ND ND o. I ND
------------- . .-- —--- --——. .—----— ---—. .------- ------- ------------ --- --------------- --------------- -------- ------

ield dup. ND

r.4 -59 ND ND ND 0.6 ND 0.1 ND
.- — --------- . --—--- —----- —--—— ----- -------- ---- ------- ------- ------- ------- ------ .-------- -----
ield dup. ND

IaAground ,SD ND ND ND c-~ 0.2 ND
--------- —---- —--—— —--- ,.---— — --—- .-------— ----- --------- ----- .-------- ----- ______ ----. ------- -----
ield dup 0.2

I SD - hi Detected

2 The derec!ion limit for t{ydr~-hlcric Acid (ilCl) is O. I ug.’m3



‘d
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Table 3-3.
lms Alamos HN03 (vapor) Results

Concentration as ug/m3

i;22/91 lj~3/91 1/24/91 1/25/91 I /26/91 1/27/91 I /28/91

Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday

r.4-3 (A) o.3a 0.49 0.44 0.29 0.39 0.47 o.3a.- —-- ------- !____ ----- - ----- ----- --- ------- ----- -- ---- .------ ------- . .------ -------- .------ -------

‘ield dup o.3a 0.4 I

r.4-3 [B) 0.34 0.67 o.sa 0.34 0.36 0.54 0.37.- —--—- ----- —___ ---- ______ ------- ----- - -- --------------- -------- -----. --------------

“ield thp. 0.42

r.~-55 0.36 0.71 0.55 0.35 0.44 0.7 I 0.4 I.- —--- ------ . ---- ___ --- ___ - ------- ----- ------ --- --- .------ —---- -- ----- ------- . ------- ------ -

‘idd dup. 0.33

r~-59 0.52 o.7a 0s9 0.59 0.43 0.54 0.31.- —-----— --- —— —___ -. .------ -----. - ---- -------- ————. ——- .-------------

‘ield dup. 0.4 I

background 0.34 o.5a 0.69 0.65 0.64 o.% 0.35.- —--- ------ ,.—--— -—--— . ------ ------ -. ------- ------ .---- ------ ------- .------— ——. .-------------

ield dup o.a7

I The dcwcrion limit for Nitric Acid fH?J03) is 0.03 ug:m?



Table 34
Las Akmos H,SO. [vamrl Results--- .-

~

lfp~j91 1/23..’91 1.f24;91 1/25/91 1/26~9 1 1/27/91 1/28/91

SiIe TIIxlay IVedncwja y Thursday Friday Saturday Sunday Monday

14-3(.4) ~6 0.3 I .0 1.1 I .0 l.? I .9
.- —.-— -----, .------— --—. .— ------ ----- ------- ------- .---------- ---- -------- ------- ----- ---------- --------------

field dup. 0.2 I .7

TA-3(BI 0.4 0.3 0.9 1.1 1.0 I .2 I .a
.- —--—. ------ ,— ----— --—- .-- —— - —----- .-------— -- ---- -------- ------- --------------- --------------- --------------

field dup. I .0

T~-55 0.6 0-: I .0 1.2 1.3 3.3 2.6
.-—--- ------ ,.-- —-- —---— - ------- -------- ------- ------- - ------- ------- .------ ------- . ------- -------- ------- ------ -

field dll~. 1.1

T4-59 6.9 0.5 1.7 ~-7 1.6 2.1 2.1
--------- —--- ------- —---— - .-- —-- —--- -- ------- -— ---- - ------- ------ -- ------- ------ -- - ------- ------- - ------ -------

field ~up. I .5

BactiSround ND ND 0.4 0.4 0.4 0.6 02
------ ------- i------ ------— . --------------- ---------- ---- ------- -------- ------- ------- - ------- ------- . ------- -------

Field tiup. 0.7

I ND - %0[ &!eckd

J The ckwctiun liml[ (or Sulfuric Acid [H2XM} is 0.15 ug, m’



Total Method
Pooled Coefficient of

Table 3-5
Precision for Inorganic Acid Vapors:
Variation (W) for Field Duplicate Samples

v

[
Inorganic Acid Vapor Cv (70)

Hydrochloric (HC[) o I
Nitric (HNOJ 12.5

Sulfuric (H,SO,) 14.0



Table 3-6
Recovery of Inorganic Acid Field Spiked QC Samples’

Sampling Day Recovery (Ct)z
and Site

HCI HN07 H, SO, HIPO,~

DiIy 2, 23 Jan 80 Ill >19 94

Site TA-3 (A)

Day 3, 24 Jan ]27 104 >51 83
Site TA-3 (B)

Day 4, ?5 Jan 100” 131 > fill W
Site TA-55

Day 5.26 Jan 1t)h 137 > ~~ W
Site TA-59

Day 6, 27 Jan 140 184 >62 90

BG Site

Day 7, 2ti Jan 113 IN) > % 56
SiIe TA-3 (A)

Meun Recovery 121 IX! >60 84

‘ Field spikes br inorgunic acids were uccompllstwd by dosing [he QFF with 1.() mL (If
WI ilqueOus spiking S()]ll~i(Jn containing:

ISO /qg/mL hydrochloric ticid (l ICI
IS() /ig/ml. nitric iicid (1 [NO,)

144 ~@nlL phosphoric ucid (1IIP(),l)
177 ~tg/mL sulfuric acid (1i2SQl)

Amhicnt tiir was druwn through the field spiked filter ;It ttw \;]me I1OWr:ltc us the uir
s:lm~lics, i.e., yielding il sumpled ilir volume of mmlimllly N) m’ nvcr ‘) h(mrs.

3.7



Overall ~he recoveries ure acceptable with metinrecoveries fo~nti in the

range Ml - 133%. There was m evk!ence of my breakthrough of the spiked ack.1vapors

to the rear or backup section of the SGS cartridge. Therefore, no recovery corrections

were made to the timhienl air results.

Blank Levels

The SGS used to capture the inorganic ucid vupor cmmined low residual

levels of the target acids (as the anion) that cilused a detect:hle concentration in the

field blank samples. The mean and s~andml dcvi;l~i(m of [he blank anion (Cl-, F, NO,”,

POI”--, S04--) level irl [he SGS medium wus mcusured und tire listed in ‘ruble 3-7. only

phosphate (PO~.-.) was not detected, The equivalent mean amhien[ uir concentrations

due to the SGS mean blank levels are also given in Table 3-7. These equivulem air

concentrations tire low: 2 - 4 x LOD. The LODS in Tuble 3- I could be achieved

because the stanclilrd devivtinrls of the SGS blank concentration were low.

All sample and (X resul[s for the SGS medium were correctd by

suhtmcting [he mean hlunk concentrations” @g/sample) from the raw result.

Although not a turgct chemical, the sidts of [he t;~rget im)rgunic ucids in the

dust collectml on the QFF were unulyzcd us u (JC mcusurr. The results are given

twrc. Tohlc 3-X through 3-I I give the uir c~)tlcc:]truti[)ns [~t’flw chliwidc, !Iu[)ridc, nitruk

;Iml Sulfutc wilts, rcspcc’lively, hv sumpling ~itc :Ind (I:iv,



‘T’sble3-7
Blank Levels of Target Anions in the Silica Gel Sorbent (SGS)

Medium: Mean and Standard Deviation of the Mean.

Blank Concentration
Target
Anion Mean’ @g) SD w Meanz @g/rn3)

Chloride (Cl-) 31 5 0.39

Fluoride (F) 19 5 0.24

Nitrate (NOI”) 4 2 0.05

Phosphate (PO,- ) ND ( <40) NA ND ( < 0.50)

Sulfate (SOq-) 3(! 7 (),38

‘ This is the mean blank concentration in the front section of the field blank silica gel
sorbcnt sample in pg/sample. The silica gel sorbent cartridge consisted of a 50 g front
section separated from a 15 g backup section, This blank concentration was subtracted
from the raw result @g/samplcj for all air and ficId QC sumples involving the front
silica gel sorbent section,

JThis is the equivalent blank air
blank Ievcl in ~g by the nomirmi

concentration @g/m’) derived by dividing the mean
air samlple vol::rne of HOm~o



Table 3-8
Chloride Salt Air Concentrations

Concentration (p~/m3)

Si[e Day I my 2 Day 3 Day 4 Day 5 by 6 by 7

r~-1 .4 0.9 2.6 7.1 4-Z 1.3 0.8 5.5
-------- -------- -- —.-— .--—-. <-—---- ----- ------- ------ -------------- -------- ------ .------- -----. .------- ----- .------- -----
TA - 3 ~ field dupiicate 7-Z 5.5

T.A-3 B O.i? 2.3 3.1 3.6 [.3 0.5 4.4
------ —— ----------- -----------< .---—. ------ - -------- ------ ------- ------- ------- ------- ------------- . ------------- . ------- ------

T-4-3 B field duplicate 3.9

r.a-55 0.8 0.9 0.6 0.4 0.7 0.5 2.4
----- ----------- --—---------—, .--- —— -- —-- --------- ---- .-- —---- ----- .— —---- ----- -------------- .- —--—-- ---- -------------
T-A-55 field duplicate 0.7

r~-59 22 24 24 18 2.2 4.4 19
-.--- —-— -— ------— ——-—- -, .- —--— -----. .------- -----. .---------- --- -------------- .- ——-. —---- -------- ----- . .------------,
r~-sg field cluplimlc 3. I

Background 0.4 0.3 Q.4 04 0.3 Q.4 0.3
-.---—- ---- ---- ------- —-- -— --, .------ ------ . .- —--- -— --- . ------- ------ . .-- —-- ------. ------------- . -------- ------ ------- ------
Background fieid duplicate 0.4



‘A
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Table 3-9
Fluoride Salt Air Concentrations

Concentration (wg/m’)

Sl(e Day 1 Day 2 my 3 Day 4 Day s my 6 Day 7

T4-3 .4 ND ND ND ND ND ND ND
.- —.- ---------- —— ---- —---- -------- ----- .------- ------ ------- ------ -------------- -------- ------ -------- -- ---- -------------
T.A -3.4 field duplicate ND

T.A-3 B ND ND ND ND ND ND ND
.--- —--— ------------ ------ —-- -, ..-- —— -- ---- -------------- -------------- --------- ----- -------------- -------------- --------- ----
TA-3 B field duplicate oil-i

TA-55 ND ND ND ND ND ND ND
.---------- —--------- ------ —--, -——- ------ - .-----— ------ -------------- ----------- -- -------- ------ -------- ------ -------- -----
T.4- 55 ileld dupli~~te ND

T.4-59 0.97 0.[8 ND 0.19 ND ND ND
.--- — ----------- --—-----— —- .-------— ---- -------------- .—— —-- ----- --------- ----- -------------- -------------- -------------
T.4-59 field duplicate ~~D

Background ND ~D ND ND ND ND ND
.--—--- --- —------- ------- ------1 .--- —- ------ . ------------- . ------- ------ - ------- ------ - ----—- ------ - ------------- - ------- ------
Background field duplicale ND



Table 3-10
Nitrate Salt Air Concentrations

Concentration (pg/m3)

Site Day I Day 2 Day 3 D2y 4 Day 5 ~y 6 Day 7

T.4-3 A 0.7 CI.6 1.3 1.1 0.8 1.6 0.8
--------------------------- ----- .------- ------ --------- -----. -------------- -------------- -------------- -------- ------ -------------
T.A-3 .+ field duplicate 1.3 0.8

TA-3 B 0.8 1.8 I .2 1.0 0.9 1.4 0.8
-------- -------- ---------------- !-------- ------ -------- ------- -------------- -------- ------ -------- ------ .------- ------ -------------
1A-3 B field duplicate 1.3

TA-55 I .4 I .5 1.4 0.9 1.1 1.8 1.6
---------------- ---------------- ,------------ ------- -— --- . .------ ------ - ------- ------ . -------- ------- -------------
TA-55 iie[d duplicate

.------- -----
0.9

TA-59 3.4 4.9 4.9 3.1 0.7 4.1 2.5
-------------------- .-- —— - --- -------------- -------- ------ ----------- ---, -— -------- --- -------------- --------- ----- -------------
T.%-59 field duplicate 0.4

Bd.grwnd 0.8 0.7 0.8 0.9 0.8 0.s 0.6
------ ------- ------------- ------, ------------- - ------------- . ------- ------ -------------- -------- ------ -------- -----
BxLground field duplicare

------ ------
1.1



Table 3-11
Sulfate Salt Air Concentrations

Concentration (pg/m3)

Sile Day I Day 2 Day 3 Day 4 Day 5 thy 6 Day 7

T.A-3 A I .9 0.9 I .9 1.1 0.9 1.3 1.1
-- —-- —— ------------- ---------, ------------- . ------------- .------ ------ .---------- --- ------------- . ------------- . -------- -----
T.4- 3 .A field duplicate I .9 1.1

T.%-3 B I .9 2.1 1.6 1.0 0.8 1.0 1.1
-------------------------- --- —-, -------- ------ .------- -----. .------ ------ - .------ ------- -------------- ------------- ------ ------
T.A-3 Et field duplicate 9J

T.A-55 3.6 ?.6 1.9 0.8 ! .4 1.7 2.1
---------- ----------------------, .-----— ------ .-------- ----- -------------- .------- -----. -------- -----. .------- -----. -------- -----
T.4-55 field duplicate I .0

TA-59 5.5 5.7 4.9 3.6 0.8 3.2 2.6
-— --— --------- ------- --—— --< .------- ------ ------------- . ------------- . .------ ------. -------------- ------------- . ------- ------
TA-59 field duplicate I .0

Background 2.0 1.8 I .4 I .0 6.9 0.8 0.8
------------------------ -------- !------- ------ . -------------- ------- ------ . .------------ . ------------- . .------ ------ . ------- ------
Background field duplicale 1.3



32 Metals in Particulate Matter

The frequency of detection and the limit of detection achieved for the target

metals are given in Table 3-12. Only lead was detected in [he ambient air around

LANL. The pattern of detection of lead by sampling site and day is shown in Table 3-

13. The lead concentrations are all low and are in a small range: 0,01 to 0.04 pg/m3,

i.e., 1 -4 x LOD. The field duplicate results for lead are also given in T~ble 3-13.

Precision

The coefficient of variatiml for the five field duplicate sumples is 9A)%.

Esww

The recove~ of the four target metals used for the field spiked QC samples

is shown in Table 3-14. It can be seen that the recoveries are all quantitative: in the

range 96- 102%. This represents recovery of a spike of euch metal at a level of 150

pg/filter,

The QFF medium had no detectable huck~roui~d concentratiotl of the six

ttirget metals at the LODS listed in Table 3-12.

3.14



Table 3-12
and Limits of Detection for the Metals

Frequency of Limit of
Metals Detection (%) Detection @g/m’)

Beryllium (Be) o 0.01

Cadmium (Cd) o 0.02

Chromium (Cr) o 0.03

had (Pb) 63 0.01

Silver (Ag) o 0.05

Uranium (U) o (-).10

3.15



Table 3-13
Los Alamos Lead Results

Concentration as pg/m’

1/22/91 1/23/9 I 1/24/9 I 1/25/91 I /26/91 1/27/91 I /28/9 I
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday

T.+-3[AI 0.0 I 003 0.04 0.03 0.01 0.01 0.03
,------- --- —-- ,.—— -- —— -------- —— --- . --------------- - --- —--— ------- -------- --------- -------- --------- ---------- -----
Field Uuplica[e 0.04

TA-3 fBJ 0.02 0.03 0.03 0.02 O.fJl 0.0 I 0.03 —
------ ----- —-- .- —-—-- - .——-—-— —-—. --------- ------- ---------------- ----------------- ---------------- ---------------
Fieid dupltice 0.03

TA-55 NC) ND ND 0.01 ND ND ND
,-- —-- ----— -- .——--— —-. --- --— --——- - ---------------- --------- ------- ----------------- -——----—- ---- --------------
Field duolicale 0.01

T4-59 ND ND ND ND 0.03 ND ND
.--—- ----- —-- .— --——- - --- —— ---—---- .-- —--— ------- .------— ------- --- ------ —------ -- —------------ - -------- -------
Field tlupliia[t 0.03

Background ND O.GI 0.01 0.01 0.01 0.01 0.01
,-- —---- -- —--, -— -—---—-—-. --- —---- —— --- - --------- ------- --------- ------- ----------------- -- —-----—-- --- -------- ------
Field duplkqte 0.01

-d
.

.



Table 3-14
Mean Recovery of Metal Field Spiked QC Samples

P
Metali Mean Recovery (%)

n Beryllium (Be) I 96

II Cadmmm (Cd) I 96 II
I Chromium (Cr) ! 99

n

I Lead (Pb) I 102
!

1 All four of these metals were spiked ata Ievvlof 15(1//g/filter from an acidified
aqueous standard solution prepared by dilution of commercial atomic absorption
standards. Uranium was not mmiltible m a standurd ~nd the silver was lost us ;i
precipitate because of the high chloride content t)f the comnierciul stun~ords,

.3”17



3.3 VglaJile Wzttnic Comnoundq

The frequency of detection and the limits of detection for eleven volatile

organic compounds (VOCS) are given in Table 3-1S, The frequency of detection range

for the VOCS in T~ble 3-15 is 33- 1(M)90. Eight of the target VOCS were not detected

and their LOlls were given in Table 1-3:

carbon tetruchloride isooctane
chlorobenzene methyl acetaie

chlorot’orrn a -pinene
ethylene dichloride trichloroethylcne

The pattern of occurance for the 11 detcctcd VOCS is given by sumpling site

und duy in T~bles 3-16 through 3-26. AII ambient air concentrations are expressed as

/@m~. Air concentrations for Total Non-Methane Hydrocarbon (TNMHC) and

Htdogcnated Hydrocarbon (II{X) urc shown by sumpling sile and day in Tubles 3-27

and 3-28, respectively, These tubles dso contilin the results of the field duplicate QC

samples,

PW.sluu

The po(dcd coefficient O! vuriutim] (CV) tm+ud on [he field duplicutc results

for the VOC is given in Tuble 3-29, The (W i:i seen to Vilry [wer the rilngc 10.73%.

““his rtinge is c(mslstcnt with Rwliun’s cxpcricncc with this monitoring mcthtd illld the

very I(NVumbicnt dir c[mccntrutitms cnomntcrcd in this sludy.

BlxQwY



Table 3-15
Frequency of Detection and Limits of Detection for the Organic

Compounds Detected in the LANL Ambient Air,

Frequency of Limit of
Target Detection Detection
WC (%) @g/m’)

Acetone 86 (),7

Benzene 81 0.4

2-Butanone ! 43 I I .5

Cyclohextme I 71 I 1,()

Ethvlbenzene 33 0,4 .—

n-Hexane W 1,0—

Methanol HI 1,5

Me!hylene chloride 71 ().2

Toluene 100 ().4

11l..Trichloroethane I I 0,2

Xvlenes I I 0.4



Table 3-16

k Alamos Acetone Reslll~G-----

ConcenCmtion as vg/m3

1;22.91 1/23;91 1!24/91 1/’25/91 1/26/91 1/27/91 1/28/91
5~le Tuesday M“ednes&y Thursday Friday Saturday Sunday Monday

T.A-; IA) 4> CL 5.4 17 4.0 ND 0.7-. —--— -- —--- .--—. -—-—— . — —--- —------ - -------- --- —-- - -------------- - -------- -------- - -------- -------- - ---------------
Field duplicate 3. I 26 I .8

-r+-; IBI
I
I 5.6 1.9 1.8 30 9.5 -- CL - _---__-Z”!------ —---------- 4-— —-—.. . .—-— --- -— --- -------------- - --------------- - ------— --------

Field JIJPIICtIC 1.7 24

Background 1 ND I .0 6. I 7.6 I .5 2.6-- —--- ------- -— ---- . .--- —— ------ . --------- ------- --------- ------- ----------------- -------- --------- ---------------
FI&IddlJpil*Xe 4.3

memne IS 0.7 pg. m



Table 3-17
h Alamos Benzene Results

Concenwation as pg/m3

1;22;91 1:23;91 1/24/91 1/25;91 I /26/91 1/27/91 1/26/91
Siile Tuesday bcdnesda~ Thu.+y Friday Saturday Sunday Monday

:.+-j ?.+} ‘8-. CL 3.8 2.9 1.1 0.9 2.9
.. —--— --—--, .—— — —— . - ------- ----- .------ —---- --- .-- —-- ------ --- .--------------- . .--- —- --——- --- .------ ------ --,
‘kid ihlpitik 5.8 0.4 2.7

r*-3 IBI 3.6 4. [ 3-Z 2.4 1.1 CL 3.9.----- —- ------ —— --- —-. -— —---.---—-- , --------------- --------- ------- -------- --------- ----------------- .-------- ------
‘icld Jupiica[e 3.0 ND

!
bckgrwnd ND I .0 0.8 ND ND 0.7 ND.- —--—-- ----! .—— — —-. . --- —---- --------- ------- .------— ------- -------- -------- . -------- --------- -------------- .,
‘icid Juplikam 0.4 L



Table 3-18
Los Alamcs 2-Butanone

site

T.+-3 iA]-------- -- —-.

Bxkgrwnd------ -------.

Concentration as pg/mj

1,.~:9[ lj23/91 1/24/91 1;25/91
Tuesday

I/2t/91 1/27/91
Wcdtmday

1/28/91
Thursday Friday Saturday Sunday Monday

-53 - . --------- .--------------. .----------–--. ----------------. .---------------- --------------CL ?.5 4-Z 2.0 ND ND

SD 3.9 ND

%D ND ----AD ------ ----J! ----- .------??---- .--JL ----- .-----?-R--.—-— -.—- —-- . .----— - ------—
ND 2.6

ND ND ND I .8 2.5 ND ND
.--— — — .— --- --------. --------- ------. -------- ------- .---------------. .- —---- -------- ------ ------ -

3.0



Table 3-19
IAS Alamos Cvclohexane Results

–M

1 Concentration as pg/m3

! Kx;
1;23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/9 I

Site Wcdtiay Thulwlay Friday Saturday Sunday Monday

T+-3, +) ND 1.5 5.3 ND 2.3 1.5
------------- ,.-. -— .-- —--- ------- . .-- —---- ------- ----------------- -------- -------- . ---------- -----
FICid dUplA=[~ I 39 ND 1.7

T%-IIB! I38 134 “ 3.5 ND ND CL I.J
------—- -----4 .---- —- —-—- — —------------ ,-------------- . --------------- . -------- -------- . -------- -------- . ---------------
Field dupilC31~ 1.5 I .4

Backgwund 810 70 28 ND ND 1.5 ND
-- —---- ------! .-— ---—-— .—— — -------- . ---------------- --------------- . -------- -------- . -------- -------- . ---------------
F Kid dupka[c 1.b



T~b~e 3.20

b Alamos Ethylbenzene Results

Concentration as pg/m’

1/22,91 l:23f91 I/24i9 I 1/25;91 I /26/91 1/27/91 1/28/91
Si!e TEAI} Wednesday Thursday Friday SatuIday Sunday Mcmday

B
T.%-j IA) ~ ND CL 1.3 1.1 ND IND 0.55-------------- —-——--—- . —---.---------- ------------- - --------------- . .--_-----”------ . .------- -------- . ---------------
Ficid dIJpiic=Ie 2.4 ND ND

T.a-jf B) J3 ------- --------------. .--------------. .----------–---. .---------------. ---------------
1.7 ND i.1 ND CL ND-------- ------

FIeld LIW)IHW ND IND

ilackground ND ND ,ND ND ND ND ND-- —--— --—-- .— -- —-— . .—— -—--—- . .------— -- —--- --------------- ----------------- --- —— --------- . .-------- ------
Field duplicalc ND

‘.%D . StI: defected
‘TtIe ckcectioniimit for eth} ibenzenc is 0.4 Kg m’.
~ L = {-~n~[cr leaked

“d
<aL



Table 3-21
Ims Alammi n-Hexrnne Results—--- ..-. -. —- ---- —-—--- ----—.-—

Concentration as pg/m3

1/22/91 I /23/9 I 1/24/91 1/25/91 1/26/9 1 1/27/9 1 1/28/91
Sile Tuesday Wedtwday Thursday Friday Saturday Sunday Monday

rA-3 [.4) 2.0 CL 2.1 2.6 I .3 1.0 1.7
.- .---— -- —-- .-— — -—— —------------. -------------- . , -------------- . -------- -----—- . -------- -------- . ---------------
Fieid ilupli~ate 3.6 I .0 1.6

r.A-3 iBl 79 2.9-. 2.3 2.5 I .0 CL 2.1
-------------- .--— -- —-— - .- — -- —-—------ --------- ------ .-------- ------. ----------------- ---------------- . ---------------
Field duplicate 2.5 I .0

Background ND 1.5 1.0 I.1 ! .0 I .0 ND
.- —---- ------< -—-—. —--— -—----- . ---------------- -------- ------- ----------------- .-----— -------- . ---------------
Field duplicate I .2



Table 3-22
IAMAlamos Methanol Results

Concentration as pg/m3

1/22;91 1/23/91 1/24/9 I 1/25/91 1/26/91 1/27/91 1/28/91
Si[e Tuesday Wcdnesday Thursday Friday Saturday Sunday Monday

TA-3J,A~ i3 CL 6.2 2.9 6.4 ND 6.2-------- ------. -------- —.--—- .- —------------ - ------------ ---- --------------- . -------- --- —---- -------- -------- . -------- -------
Field duplicate 10 6.d 1.5

TA-3 (B] 92 6.8 4.2 5.7 ND CL 4.7-------- ------! -- — ------- —--- . .—---— —------ . --------- ------- --------------- - ---------- ------- -------- -------- - --------------,
Field duplicate 4.9 7.1

Background a.? ~1 5.7 3.7 ND ND 16.6------—- -----( .----— ——— . -. —--- —------ ---------------- --------------- - -------- --- —--- - ---------------- - -------- ------!
Field duplicate 5.2

“SD = SO[ tj~[ec[ed

‘The detection limit for me[hwtol is 1.5 pg:m’.
‘CL = Canister le3hed



Table 3-23
I.as Alamos Methykme Chloride Results

Concentration as pg/mJ

l/22/9J 1/23/91 1/24/9 1 1/25/91 - 1/26/91 1/27/91 1/28/91
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday

r.~-3 [.+) 0.9 CL (L2 ND 0.3 ND 0.4
-------- -- —-- ,.--— — --——— _. ___ ----- --- ------ ------ -- ----- ------ -- ------ - .— ----- -------- . ---------------
‘ield dupli~~[e 6. I 0.3 0.5

~.A-3 ,B) 4.5 2.7 0.5 ND 0.3 CL 0.9
-------- -- —-- .----— - —-—. —--— -------- . --------------- - .---- --- ------- -------- .------- --------. ---------------
‘ield i.up; ica[e 0.6 ND

tzkground ND 0.8 I .0 0.2 0.4 ND 0.6
.- —--- ------- ,.—— — —--- . ——— -—--- . ---------------- ---------------- .------------_- - ---------------- -------- ------

‘ield duplicale 0.2

. !SD = Not dctecwd
‘The detection limit for methylene chloride is 0.2 Pg, m’.
‘CL = can~[er leaked



Table 3-24
Los Alamos Toluene Results----

Concentration as pg/m’

I /22/91 1/23/91 1/24/91 1/25/91 1/26/9 I I /27/91 1/28/91
Site Tuesday Wednesdz y Thursday Friday Saturday Sunday Monday

TA-3 (A) 9.2 CL 8.4 5.8 3.8 2.5 7.5’—
-- .---— -- —--- —— ---- —---- ---- —-- . ------— ------- --------------- - -------- -------- - ---------------- - ---------------
Field duplicate 16 3.6

TA-3 (B) II 14 6.5 6.3 4.1 CL 8.8__----— ------, .-— —— --- —-- . .— --—- —— --- - .-- —--- ------- - ---------------- ----------------- --------- ------- --------------
Field dupli~=te 8.0 3.6

Background 19 4.5 4.0 1.8 3.3 I .7 4.1
------ —------ -—— —— . .—— ———- - --------- ------- -------- ------- - ----------------- ---------------- -------------
Field duplicate 2.3

‘ND = !SQt a[ected

‘The detection limit for
‘CL = Cmtiwr ieatied

‘A
i>
-z

mulene is 0.4 pg; m’.



Table 3-25
Las Alamos i.~.l-Trichloroethane Results—z_r–__. —–––

Concentration as pg/m3

1;22/91 1/23/91 [/24/9 I 1/25/91 I /26/9 I 1/27/91 1/28/91
Site Tucsda y Wednesday ThursJay Friday Saturday Sunday Monday

T.4-3 (AI 0.9 36 — I .0 1.1 0.7 0.9 I .2
.--- .-— -- —--, .— —-- -——- . —— -- --------- ---------------- -------------- - -------- --------- . -— ------------- ---------------
Field duplicate II 0.7 I .2

T.4-3 (B)
I

1
16 4.3 0.7 0.9 0.7 3.6 0.9

------— -- —-- ——— . .—— -— ---- . . ---------- .— --- ------— ------. -------- --- —--- . .— ------------- . --------- ----.-
Field duplicate 2.8 0.7

Bxhground 74 1.6 2.6 0.6 0.5 0.5 0.7
-------- -- —-- .—— ——- .—— —- -— ----- . --------- ------- --------- -- —--- .-------- —— ---- -------- -— ------ --------- ------
Field dupli-xc 0.8

?4D = Not detected
‘The detection limit for !, 1. I -TriMoroethane is 0.2 pgj m>.



Table 3-26
LUSAlamos o-. m-. n-Xvlenes Results–F–––> r-- W–—–––—– --— ---—

Conccotrxion as pg/m’

1/22/91 ! I /23/91 1/24/91 1/25/91 I /26/91 I /27/91 I /28/91
~;~ Tuesday Wednday Thursday Friday Saturday Sunday Monday

TA-3 (.4) 4.7 CL 8.0 4.8 1.0 0.8 3.6
.-----— -- —--, —— — .——-—-- ---- --------------- -- —----- -— --- .- —------------ .—------— — ---- ---------------
Fwltl duplicate II ND 1.5

r.A-3 [e) 6.0 7.4 2.2 4.5 0.8 CL 1.5
------ —--— --- — -—— —-— --- —-— . --------------- - .-- —--- ------- . . ---- —-- —------ .- ——---------- - ---------------
Field duplk~te 4.6 ND

Backgromd ND 1.3 0.7 2.4 ND ND ND
--—-- ----— -- —— . —-.-—-- -. -- —--— ------- ------— -- —--- .-------- —--—-. .—
Field duplk=i~

—-- ——-— . ---------------
0.4

‘\D = Sot defected

‘The detection limit for o-. m-. p- Xyknes is 0.4 pg, mi.
‘CL = CanisIc: leaked



Table 3-27
Los Alamos TNMHC Results

Concentration as pg/m3

1/22;91 1/23/91 1/24/91 I /2S/’9 i i /26/91 i /2779 i i /28/9i
Sile Tuesday Wcdnesda y Thursday Friday Sarurday Sunday Monday

rA-3 (A) 3oi CL_- ------- ------- ------------- -----_~f-----i75 i 50 70 87.- —-. —-- —-- .—— —- .- —---- —------. --------- ------
‘ieki dupiicate 393 i 34 %

r4-3 (B) 482 349 i 48 i85 94 CL io7
.- —---- ------, .--— -—— - .— - —--- —------ -------- ------ - --------------- -------- ------ .------------_-- . .------ ------ -.
‘ield duplicate i 50 i39

ldiground iwl i77 i 38 98 92 67 io3.- —--— --—-- —— ---——— —-- -------- ------ .-------- ------ -- -- --------- ---------------
‘ield dupiicm[c 66

‘TSMHC = Tmd Xon-MeUune Hydnxwbons
‘CL = Canis~er leaked



Table 3-28
Las Alamos Halogenated Hydrocarbon Results

Concentration as pg/m3

l,J’22,”9t [/~3/91 t /24/91 I /25/9 I I I /26/91 I /27/91 1/28/9 I
Sile Tuescla} b-ednesday Thursday Friday 1 S31urday Sunday Monday

T%-31.4) 19 CL 4.0 5.4 5.3 3.7 3.9
------- —----- -, .—-— —— .—— ----- ------ .-- —--- ------- - ------ -------- -.
Field duplia[t

------- -—------ .---------------. ------- ------ --
1~ 4.9 3.7

T.4-3 IBJ 16 8.7 4.2 5.2 4.4 CL 3.6--------------, .----- ——-— ---- .-- —-— --- —--- . ---------------- --------------- . -------- -------- . -------- --------- ---------------
Field dU~liC=[~ 8.0 3.3

Bachgrcwnd 86 4.0 8.3 4.3 4.7 3.6 6.6
------- ------- ,-— —— —--—-- . .- —---- -------- . --------------- ----- ------ ----- ----------------- -------- --------- ---------------
Field dU@::31~ 4.4

‘TNMHC = To131 Non-Methane H}t%xarlxms
‘CL = Caniser leaked



Table 3-29
Total Method Precision for Organic Vapors: Pooled

Coe~cient of Variation (CV) for Field Duplicate Samples

Target
Voc ;)

Acetone 63

Benzene 35

2-Butanone 41

Cyclohcxanc 73

Ethylbenzene ~~

n-Hexane 14

methanol 4s .

Methylene chloride 10

Toluene 11

1,1,l-Trichlnroethane 44 .-

Xylenes 70

TNMHC 22

I
I lltil~)genated TNMI{C’ 22



Meteoroiogicai conditions during the week of dir sfimpiing were measured

and documented using the LANL met station near TA-6, A cornpietc printout of the

met conditions cncoun[ered is included in this report in the Appendix.

The weather c(mditions encountereli were typicili for Los ~\lurnos in the

win[tr: cnid, cicar, sunny duys with dtiylimc wimis i]rcdotnina[civ from the S[1 direction,

This wind direction pluccs the Dtickground site upwinci O! LAN1. and ;lli other sampling

sites, us planned, Euch of the other sumpiing sites ut TA-.3, TA-55 and TA-59 are

downwim.i of their respective technici~l ureus wiwn the wind is from [he SD quatirant,

agnin as piannmli

The percentugr of the sampiing pcriml (0700- 1600”hrs) thut Iilc wind wus

from the SE varied from 42% on Day 1 to 7H% on l>il~ f), This perccnt;lgc is silown in

Figure 3-i. “Ilrcrefore, the meteorology t)hscrvcd during ilir sami~iing Wiis tilvortihle to

the cvtiiuuti(m of the ;]ir m(mitoring rcsuits in terms ()( tllc illll)ii~[ of I. ANI,’s emissions

(m ;Illlhicflt tiir quaiilv$ i,c, ilii silmplillg sites were :Ipl)rol)rii:tciy iJiilCCLi.

‘l”ohie 3-30 gives tin (wcrvicw of the tnct Contiitions” cncxmntcrwl liurin~ the 7

dilys (It’ uir Sillllpiill$ The rwngc of met contlili~~ns ff~r lilt 0700-1600 il(mrs ~iuiiy

wmpling pcri(xl is given: air tcmpcr:ltllrc (“(’), II!liltivt? Illlmitlity (f$), witt(i silccd (Ini)il)

il[l(.1pcrccntagc [)i’ lime !hiit the wim.i WiIS fnm ~il~’11ll~iii(ii.ilt~t. ‘l”ilc qilil(iriill[s WCIC: Nl{

(()-W’), Sl; (~) in-l tie’” ), SW ( iN1’’.27(I”) iit)(i NW (27 i“.Jf}[I”). it Cill] h~ SLICII tl]i~t this W~iS

:1 7 dil~ pcrit)ti of filirlv stuilic lnctcoroi[~gy,” ‘i”iwrc W’iih HII ~igflificilnl i]rucii)itnliotl during

this Imri(ili,

,1..I4
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Table 3-30
Overwiew of Meteorological Conditions Encountered in the Seven

Day Sampling Period: Range of Met Parameter for 0700-1600 Hours

RcI Wmd Wind Direction by Ouadrant
Sampling Tcmp Humid Speed

Day ~ c) (%) (mph) NE (?6) SE (%) !+W (?1) NW (%)

1. Day 1,01/22/91 -13.710 n2 to 1.1to .30 42 20 8
.3.1 53 5.2

2, Day ~ 01/23/91 -12,5[() $510 1.1to 39 50 II o
.3,3 53 4.7

1. . Dtiy 3, (Ii /24/91 . l&t) [() w 10 ().9 10 14 h7 5 14
.1,7 44 5,4

4, Day 4, 01/25/()1 .9,3 [u M 10 2,0 11) H 72 h 14
+1,0 37 6,0

5. Day 5, 01/26/92 .Y,n [() 54 to 0.2 to tl 75 II H
+2,1 .30 5,0

6. Day 6, 01/27/fJl -6.9 to 57 to I .H M n 7n II 3
+1,7 29 n,I

7, Duy 7, 01/UI/tJl .9,7 to 53 to 0,9 [0 15 44 17 14
+ 2,7 14 130
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4.0 DISCUSSION ANI) CONCLUSIONS

In this section the air monitoring results will be evaluated to estimme the

impact that emissions from LANL have on ambient air quality. Two principal criteria

will be used to help distinguish the impact of emissions from LANL from other sources

in the area:

1, wind direction - if emissions from LANL are the source of a
measurable target chemical in the ambient air, then the concentratwn
of that chemical should be higher downwind of the LANL technical
area than at the upwind Background site; und

?-, lab operation schedule (orl/off) - if emissions from LANL are the
source of a measurable target chemicul in the ambient air, then the
concentration of that chemical should he higher on a weekday
(Monday-Friday) when LANL is in normal operation (i.e., LANL
ON) than on the weekend (Sutur(~ay-Suilduy) when LANL has
minimal operations being conducted (i.e., LANL OFF),

Neither criterion singularly is conclusive, but jointly they pr(wide u good criteria by which

to evaluate LANL’s impuct on umbicnt air quulity.

only nitric (f IN(),) iiI]d sulfuric (1[2S(>,1)ucid v tp[)rs were dctcctcd with ii

high frequency in the umhicnt uir around I,ANI.. I;igurc -$-I ilnd 4-2 ;irc ~Jl(Jtsof the

ucid Viipor air C[)nccn[riitlon (~{g/n~3)versus s:implitlg site iilld sumpling (lily t“t)r I [Not

ii[ld I 12S04 rcspcctivcly,

4- I
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LANL. In FJC[,since the I-{NTO,vapor concentration wus often highes. at the

Background site, its major source would seem to be regiorr:il, i.e., distunt from b4NL.

4.2 Inormnic Salt Particulate

Although not a target chcmicaI group selected for measurement, inorganic

salts were measured us unions in the particulate matter collected on the QFF, These

inorganic salts are compounds containing the anions: chloride (CI-), fluoride (F), nitrate

(NO,-), phosphtite (POi--) and sulfate (S04--). The analytical method is not able to

determine the identity of the metal or cation thut w{)uld be combined with these anions

to torrn a salt, The most common salts could be of rninertil or other natur~l origin und

as a group tire minimally toxic, e.g., sodium chloride.

However, the inorganic stilts of chloride, :Lnd to some extent nitri.ite and

suit’ute, do show indications of significant emission sources associatetl with LANL

t)perutions, especially u: the TA-59 site, Figure 4-3 is u gr;lph of chloride purticulatc air

comxntrutions versus sumplinti site und silmpling day. It is upparcnt th;i[ the uir

conccntrutions” at Ti\-59 arc higher on the weekd;~ys [hurl on the weekend ;IIld {ilwiiys

higher thi~[l the Iluckgroutld site.

It should bc noted thut tbc TA-59 sampling site is located withirl 100-150”

‘:%of t!~c “1A-59 l;~horutory”that c[)uld bc iln cmissioll source ilrlti wiis within 10-15

,f~rs of hcilviiy trilvc]c(i P:ljarito ro:ld Ih:it I)r[)t)idcs tl]c OIIIV lICL’CS\ to ‘[’tf-~(~ :11111 othCr

te(’bnici.il tircus, 1[ is possible ttlilt the cffccls sect] in i;igurc 4-3 could I)c d{lc primilrily

to ttl~ Ct’fCL’t of L!USt ~cncratcd by IIIC vctli{wlur trillYiC orl }’iljilrilo roild, Ill ilfly Cil~C!, this

conclusi(m is illl CX,IH1l)IC {)!’ the silccc!sst’1]1 :l~)~)li(!ution ot Illc (’ritcrii) (113(.’I]$SC(Iill)OVCo

II
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4.3 Metals

Lead was the only target metal det~cted in the :iir around LANL. Figure 4-

4 is ti graph of air concentrations of lead versus sampling day and site /\guin, there is an

indication that the emission source of led is correlated with LANL operations. Air

concentrations for sites downwind of the technical areas tii~ generally greater than

Background and higher on weekdays, However, again we have a potential interference

from vehicular traffic, Lead would be emitted from vehicles s[ill using Iewicd gwoline,

and traffic would he expected to be lower on the weekends. In any ciIse, the ambient air

concentrations of Ieud ure vtry low :ind :ire well bel(nv :lnv ICJ’CIof chronic exposure

concern, It is noteworthy th:it the m:ignitude ()! the impact seen in Figure 4-4 is on the

order of only (),1-(),2 jlg/m3, i.e., only I - 2 x LOD ot’ Ieud.

4.4 Volatile OrEtinic Comwtjnclj

Most of the v(~l;ltilc organic compounds !Il;it were selected us king the kst

indicators of LA NJ. cmi,wions were detected only with (zero to) low ~requency, low

conccntrtitions or with highly vuritible patterns of detection, Those V(lc’s d~tectcd with

the highest frequency ;Ind highest c(jnccntrtitions included; Iolucnc, hcnxcne. mcthylcne

chloride, und 1,1,i-trictllor[)cltl:~nc. Gruphs showing ttlc :Imhicnt uir concelltrutions”

versus surnl)ling site und sumpling dtly for thcw t’our V(X’ can he found iiS Figures 4-5 to

4=8, rcspectivcly, The slimmed air conccntrii[i{~ns iis TNMf 1(” iii]d “1-1 IX ilrC iilS() plotted

:Intl urc given in I:igurc$ 4-() ilrld 4-10 rcslwctiv~’lv,

1 i.
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LOS ALAMOS VOC RESULTS
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LOS ALAMOS VOC RESULTS
Methylene Chloride

ppbv
10

Tue

,. .>.,

-.

I

Wed Thu Fri Sat Sun Mon

Sampling Day

——-
TA-3 (A) ~k~ TA-3 (B) = Background—.

I

Figure 4-7. Graph of Methylene Chloride Vapor Air Concentralioris Versus Sampling Si[e and Sampling Day.



LOS ALAMOS VOC RESULTS
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LOS ALAMOS VOC RESULTS
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LOS ALAMOS VOC RESULTS
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4.5 Conclusions and Recommendations

The following conclusions can be drawn regardingt hiss tudy:

1. lle objectives oftbis study were achieved: the sampling and analysis
strategy was effective in measuring very low ambient air
concentrations of three classes of target chemicals (acid vapors,
metals, VOCS) and in estimating the impact of LANL’s chemical
emissions on ambient air quality.

7
A. 1,lere was no indication that chemical emissions from LANL were

having a significant negative impact on the ambient air quality
downwind of LANL.

3. . A number of target them’ “i were identified whose ambient air
concentrations, although ve y low, were apparently correlated with
LANL laboratory operatiors: lead, toluene, benzene, tind particulate
matter containing salts of c ~loride, nitrate and sulfate. The pattern
of detection of these chemicals was consistent with the hypothesis
that all of these chemicals could he associated with the vehiculur
traffic on the public roads around LANL,

4. The number of sampling sites was not sufficient to allow the study to
distinguish between emission sources within the L.\NL technical
areas and from the public roads,

5. . There was no indication that any of the target chemicals were prewnt
in the ambient air around LANI. (from whatever source) tit a
concentration tc be of concern from the point of view (i chronic
human inhalation exposure in the community,

?%c following recommendati~ms iiru In;idc:

1, LANL may want to consider estub[ishing u longer term :~ir
monitoring program bused on the results of this short term study. A
Iorlger ;crm program could monltf)r (~n u peri{dic, schcdulcd basis for
ii year or more to nwmurc uniblcnt :llr C[)rlcentratiotls under ;l i’iirlgd

ot” rneteorol~)gical uncl Iiibt)rutory opcriiting conditiotlh,”

-)
-. It further rnonitorirlg is done, I.AN1. ~t~(mldconsider :: s[rutcgy that

would clcurlv distingui~h :Ic’tuill l:il~or:itorv”cmissi{)rl fronl other.
st)urccs in the ;lrc:~, ~JritlcilJilllyvchicul:lr CXI1:IUSI.

4-14
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APPENDIX A-1

NIOSH Method 7q03: Xnorganic Acids

A- I



(4) tfw
ACIDS, INORGANIC

(2) I-Cl (5) tm?j ml-la): 7m3-

(:) I+#ot (6) ~924 ISSLED: 2./15/84

WNIWA.CXIH: Tablo I ~TIES: Table 1

S_YPU: (1) hydtilwlc acid; hyUrq+n flwrl~; CAS 87664-39-3.

(2) hydrochloric *cid; h- chlcwich; CAS#7 U7431~.

(3) pho%pkxic acid; orttm+bxhrlc xld; =ti—phos@w ic acid; ~ 8766&~2.

(4) h~mic ●cid; h~ bKmi*; CA5 81~*10-6.
(5) nltrtc acid; MFM fortis; CM #7697-37-2.
(6) sulfuric ●cid; oil of vitriol; CM 87-93-9.

WLER: EOLID 9XUENT UK

(*s.Mdsiliu *I, 4WmJ/2f13~
uith glass fibar filter plug)

FLW FUTE: 0.2 to 0.5 IJm$n

W-HIM: 3
*: lm

SHI_T : mt lrm

-LE STAJIIIITY: Stdl)O

BUMS: 2 to U) f!old blm&s pmr sot

I

! TECWI~ : IW GSUmTCGRUWY
I

!NWYTE: F-, Cl-, FQ4B-, Br-, M3q, S04’-
,

I

!=CISI~ !Sr) : sw EVMLATICD4 W =IMXl
I
,

1

1

2/ 15/84 lm3- I



KIM, T~IC Ella: ?m

~TS:

1. 5t11c4 q], 2Q/40cesh, gracb Ol,

tkmx@ly *slwd uith *icmized
*tar (x AP%%M31X).

2. Dlstill@5, hlmlrti ~tw,
filtwwd thm~ 0,45-@ -ram
filter,

3. El-t: binrk.mattica~to

Iwffw solutim (3 @ MHKk#
2.L q qakJ). Dlssolw
I.megwmjalxl l.oleq
W* in4 1 f{ltomd

&\onizod wtcr.

4. Calibration stik soluticxw,

1 @ (As tlw anlcm) . Oissolvo

salt in filtomd bionizd ~tor.

● . Flmrid: 0.2210 g MF/ltXl U.
b. Chlwicb: 0.2103 9 Kcl/lCm3rn.
c. PtmpMW: O.lm g lLH@4/lmd
d. Bmmicb: 0,1~ g naBr/lCKl IU.
. . Mitrsto: 0.1371 g +1~ d.

f. Sulfate: 0.1814 g K#)#lCXl a.

- S.(Xclal PmUUtfals.

1.

2.

3.

4.

5.

6.

7.

e.

9.

10. iaxatofy tlm.
11. 6ott16, plptllylwm, Ima.

- *ial PTwcautiaTs.

WCIALmfcwllms: Acids, Mrticularly W, am ●xtrn]y ca-msiv9 to skin, •~, ●nd maws

dram’,, 1+ will attack glass. Plast!c ltim is ~,



a.

b

c.
d.

12.

13.

14.

*t ion chmnatogrm to mnclitims gi - cm pa- 7903-1, according to ~mf~tumrms

instmctim.

Inject lC&uL ~le ●liqmt. For IMU] qatim. inject 2 to 3 d of q~~ fmn

filtm/syrl~ to onsum ml~tm fins. of qlc lm.

WE: All ~les, elmts *M Mtor flcuiq thin@ ttm IC mst b filtomd to avoid
pl~lng Sfita Valves or Colln-ls.

lWsum * twi#M.

CALWTIm:
)S. 09temim

S@ctiwls,
16. Calculato

kid

W [6]

I’Cl [31

SW 8dt
(m@) (My-lo)

-—

0.35 - 6 0.5 - m

0.14 - 14 0.5 - m

0.s - 2 3-~m

2-20 3-.9bo

1-10 3-Sin

0.5 - 2 3-lm

(+)

0.053

0.02’s

0,029

0.056

0.018

0.029

0.0s9

o.m

0.014

o.m5

O.(ml

I

2

2

I

1

4

2/1 S/-64 lw&3



PEFEK~S :

[1] NICrSJ+ nanual of AM)filul hthods, 2md, A., v. 7, w 339, Us. mrtmi’lt of kmalth

ard Fkmn 5eIwlcti, Ml . (NICW) 82-1~ (1=).

[2] Casslnelli, H. E. md D. G. Taylor. Airtmm I~nic Aci&, = SXiID krim 1~,

137-1S2 (lWI).
[3] Qsslmlli, n. E. and P. n. Ellor. Ifn G_t.Ogr@hlC Mtcmimticm of ~ Chl CWl*,

Abstract M. 150, *rlcan Itistrial Mygiww Canfwwa, Chiam, IL (1979).

[4] NI05H Mmwl of Malytical *ttmds. 2nd. d., v. S, P&M 310, U.S. Cqwmt of Walth,

E~ticm, ●nd *lfam, I%hl. (NIW) 79-141 (1979) .

[5] Ibid, PKM 268.
[6? Casslrmlli, H. 5. ~ Fluick Rqort (in p~ratia).

WTKM3WIITTENBY: MY Ellm Cassinolli, MIOSJVtRiIE.
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Km: 1W3 MID5, i~IC

WLIK TLRE ~PWTI~
Silica ~1 clomirq pmx~m: M ~ to 601 m &imized ater, SICUIY and uith stirring, to
a. XXI m volum of silica ~1 in 1-L baker. Ihn ●xotbmal rt+action has stisiti, hat in

boiling uaterbath for U. 30 min with ocusicml stirring. -nt ad rins8 fcur to five tires

uith *ionized ~ter. R-t cleaning procedutw amd d?y womight in 100 “C OVW’I until f=

fltiing. If blank of si liti gel S* inw-wi ties, -t ~l~nlw PmXhme.

Slli~ *1 tales: Pack glass t-, 7mW,4.8mID,llmlq,mith 400qof2~40_

nashd Sill Cd @l in front scctim and 2f13 nq tback~ sKtion. LM Umtharm f- plugs btnen

~t secticms and ●t back and. kld f-t socticm in placa uith 6-an di~ter, l-mu thick

glass fiber filter plug (G81mn ~) .

2/ 15/04



I’F

(m. ol)

W

(m.92)

*
(63.01)

M1OSH

3 3;
6/15 ●in

C5 -.

] *8 --

3 --

2 2

I *’ I R@’

=JH

3;

STEL 6

C5

I *mB;

SIEL 3 R#mS

3

2; SIEL 4

I D@’

*’ “

LIEa_u

0.P18

1.49\

401

3.31

2.W

PfKHRTIES

&
-83.1

-}14.0

21.0

-m. s

*.O

3.0

&
19.5

450

m

-66.0

a3

m

1.1 O.CM)& (0.03)

2.16 >]0] (>?@)

1.50 0.39 (2.9)

1.e4 am] (am])



APPENDIX A-2

NIOSH Method 7300: Elements by Atomic Emission Spectroscopy

A-Z



—

ELEMENTS (ICP)

Enm: !3110

MU.. Table 1 ISSIED: 2/ 15/84

OSWNIOSWACGIH: Table 1 ~TIES: Table 1

EL E~NTS: aluninun CdMlt llarqalww silwr tungsten

arsenic ccppr ml~un Sudim vmddium

h~lliun iron nickel telluriw yttrium
cwtniun 1ead ptnnphoms ttkalliln zinc

alciw lithiun platirwn tin Zirc.mlurl

chfwnim magrns i un selenium titaniun

SYWWMS vary ~lng upm tti c~ti

WLIffi ~T
I

WLER: FILTEP

(0.8-m, -1 Iu1OS9 cstw -ram)

FIW RATE: 1 to 4 L\fsin

~AIH: Tablo 1

+: Tablo 1

SJ41PENT: rcmtirw

*LE STABILITY: SM1O

BMS: 2 to 10 fl.ld blanks por -t

RAWE STLKIIED:mt stud!cd

BLAS: m ibt!f!d

O’EMLL W!ECISI~ (sr) : rmt Qvaluwcl

! TEUIQX : I-T IVELY CXXFLED ~ PLASM,
& AT~IC EMISSICMSPEC~Y
I

!Hm: ●1-ts e
1

!ASMffi ~TS: m. ~, 4 m;
I Md Cmc. I’C104, 1 m.

I

MPLICAEJILITY: TIM wrking r~ of this mthd IS 0.W5 to 2,0 -S fw ach ●l~t in a



RlzmENTs:
1. nitric acid, ccmc.

2. Perch loric tcld. .ccOcs

3. Ashing acid: 4:1 (v/v) ~: WIOd.

nix 4 Vola cm. q Ulth

1 Volm cm. kclo4.

4 Glibratlon stock so\utims,

lCKXI ug./a. MI-cl ally avail~le,

or p-red per inst~t

mfacturer’s ~tim (*

Statl 12).
S. Diluelon acl], aq, 1SIK104.

MM SOM a.hihq acid to 6U)M
Utor; dilute to 1 L.

6. A~.

7. Distlllmj, tiimizad -tar.

%- Smclal Pmuuticms.

1.

2.

3

4.

5.

6.
7.

8.

—

Smpler: cel IJIo* Qst.r ~ram filtw,

0.8- wrs 512., 37- fli~ter; in tissottc

filter tmlbr.
PWSCWU1 ~llng ~, I to 4 L/rein, with

flexible cuuwcting tubing.
Inthctively qlti plaw+tmic aissial

SpRctmtcr, @IWIm ●s Spsclfiad by tho

nunuf~cturw for amlysis of ●1-ts of intmwst.

~lttor, tasta~, for am.

Boakors, Phillips, 12S-, or Griffin, ~, uith

Mtctqlass mwrs. *

Vol-tric fl~sks, 10- ●nd 1- M.*
Assa.rtod vol~tric pipots ●s w!.*

Mtpl*w, surf am tqratum ;50 “C.

WI- all glaswm uith au. niteic acid md

rinw ttm~ly In disti]l~ MWr Mfom use.

3.
4.

6.
7.

8.

9.
10.

Il.

2/15/M lxm2



EnCm: ?Xm3— ELEPENTS (I@ I

d. CIJ, Fe, IQ, Pt, Sr, Te, Y;
● . Cr, K, Sb, So, Ti, Zr, and
f. Si, U (distilled Mt.r rely)

13. Analyze * Stawrd for ~ twl ~le’s,

14. Ch@ck rexvori~s uith ● lmst t- spikti -{a blanks mr tm s.awles.

MXJJlfKNl :
15. Sot spct~ter to conditifms specified by Mwftctumr.

16. &M~yZ@ Sti@l%S Jnd ~~~.

mTE: If tha vtlws for tlM ~lms Jm abw tlw raw of ttm sumMrck, diluto tlw

soluticms with dilution tcid, rwnJlyzQ ●UI awly th appnvriatc dilutim ftctw in

ttm Ulculations.

2/ 15/04 13X3-3



ELEEMTS (I-) =THILl” ?m-

El-t

(5*1)

Si lwr (Ag)

AluWnm (Al)

Arsm!c (As)

Mrylli - (M)

Calcim (h)

Qmlm (cd)

-It (m)

Ch*l~ (Cr)

@per (fN)

Ircm (Fe)

Lithim (Li)

Magne5im (*)

Mnganw (m)
mlybarilm (m)
~i~ (*)

N!ckol (Mi)
Ptx7s@mnn [P)

load (~)
Platirn9 (Pt)

tiloni~ (S4)

Tin (Sri)

T@llurim (TQ)

T!tiniw (Tf)

TMl)i~ (11)

Vtmdiw (V)

Tuws@n (U)

Yttri~ (Y)

zinc (Zfi)
Zlrcmlllm (Zr)

(J) S41*I0
(b) cui~
(c) mtil

(d) hydrlh
(.) lnml@l.
(f) h~i~

AtmIc
*ight

101,07

26.93

74.92

9.01

4.m

112.40

%,93

52. m

63.54

55.8s

6,94

24,31

54.94

95,9’4

22, W

M.71

a.97

207.19

I%, m

78. %

118,69

127.6!3

47.90

204.37

5094

183.85

W.91

65.37

91.22

m, “c

%1

660
RIP

1279
a42
321

1495
lWI
lm

1535

I 79
651

1244

651

*
1453

u
329
1769

217
232
450

1615
w

18W

Mlo
1495
419
lW

Pemissiblc. Eqmsuta Limits,
,~ma ~

WMIWMXIH

0.01/ –/ 3.1

&c;.:;’o.2

o.a12/ o.(X105/ O.a)z

5 (b)/ – / 2 (b)

0.2/ O,w 0.05

o.1/ -/ 0.1

1,0 (c)/ 0.025/ 0.5 (c)

1,0/ —/ 1.0

10 (b)/ – / 5 (b)

0.025 (d)/ – / 0.025 (d)

15 (b)/ – / 10 (b)

c 5/ —/c5

15 (0)/ - / 10 (Q)

2 (f)/ c 2 !?)/ c
1/ 0.01s/ 1 (c)

—/ -/ 0.1
0.05/ 0.1/ 0.15
O,m (a)/ – / 1
o.2/ -/-
2/– I 2 (c)
0.1/ —/ 0,1

—/ — / 10 (b)
0.1 (4)/ –/0.1

c 0.5/ I (c)/ 0.05
— / 5 (@)/ 5 (*)

1/-/1

2 (f)

(c)

(a)

(V*)

5 (b)/ 5 (b)/ 5 (b)
W-15

Air Volum @ 05M. L

RIM
.—

250
5 (g)
5

1250

5
13

25
5
5
5

lm
5
5
5

13

5
25 (g)
so

1250
13

5
25

5
25

5
s (g)
s
5
s

Mx

2mo

lm (g)

2#1
m

2CKKI
2Cm
Imo
lcm

la)

61
200
61

lm

Z’Om (g)

m

103

&J

m (g)

lm

m

m

2/ 151’M



W7WO: lm ELEXNTS (1~)

Table 2.

E-lmtant
.—

M
Al

As
Be
Ca
cd
*
Cr
m
Fe

:
ml
m
u
nl
P
m
Pt
se
Sn
Te
1{
11
v
u
v
Zn

Zr

)waSuramflt pmcedJrw ●nd data (a).

Wsvel,ngth
(ml)

323.3
3@.2
193.1
313.0
315.9
226.5
231.2
205.6
324.8
239.9
670.8
279,6
251.6
261.6
5e9.o
231.6
214.9
220.4
203.1

190.6
190,0

214.3
334.9
lm,9
310.2
207,9
311,0
213.9
339.2

Precision (sr)
Instmrw’wal Sensitivity Recovery (%) (M = 3)

km (Intensity/ @ 2.S IJg/ @ MMO u# ~2. S ug/ @ 1000 ug/
(f@mL)

——

26
14
13

1.5
10

1,6
1.4
1.3
2,1
3.9
2.0

24
0.4
7,0

10
3,4

22
17
15
21
64
29

1,2
17
3,2

13
O.e
0,6
1,9

lJg/lM )

0.6S
o,13
0.s7
1,29
0,49
0.83
0.33
0.50
0.72
0.13
0.4%
0.22
0,74
0,18
0.16
0.41
0,17
0,42
0.69
0,28
0,49
0,41

0,55
0.22
O!m
2,3a
2.33
O,w
O,m

filtw’ (b) filter

111
93

103
107
99

101
101
w
s
94
89

105
64
94

(c)
lM

(c)
105
106
10s
14

102

%
103

99

3s

99

101
)s

91
1(M
99
90
95
99
95

lm
99
97
95

lW
93
6e

101
91
91
9s
91
97
67
94

100
99
94
23

lm
94
90

0.02
0,092
0.062
0,040
0.036
0.032
o.04a
0.053
0.036
O,ma
0.171
O.(IB4
o.a2
o ,a23

(c)
0.027

(c)
0,060
0.041
O.om
0.33
0.050
0.051

.043
0.043
(!,0s3
0.015
0.013
0.069

f{lter

0,075
0.023
0.026
0.034
0.014
0,020
0,005
0.016
0.022
0.016
0.043
0.027
0.03S
O.w
0.043
0.020
0.066
0.011
0,01s
0,049
0.16
0.063
0.029
0.017
0.014
0.60
0.013
0,013
O.m

(a) values morted Uem abtafti dth ● Jerrell-Ash md@l 1160 I@; Wfmmsnce my vary Wtth
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APPENDIX A-3

Radian Canister $lethod for Volatile Organic Compounds
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TABLE 2-4. LIST DF 170 VOLATILE ORGANIC CK)MPOU~JDS DETERMINED BY
FW.DIAN CANISTER HRGC-!4D KETH09e

A.Lkanes tikenes and A.Lkymea, Cont.

C2 Voc

;io;~;ane
n-Butane
TJeopentan@
Iuopentanc
n-Pencane
~aohexane
Cyclopentane
2.3-Dimethylbutane
Iaohexane
3-Methylpentana
n-Hexano
%thylcyclopenrane
20 L-Dimechylpentane
Cycloh@xane
:aoheptane
2, 3-Dimrhylpenrane
3-t4*chylhaxane
2,2,4-Trimathylpent ane
n-Hepcant
Rechylcyclohuan@
2,5-Di~thylhaxane
2, 3,4-rimechylpenra~e
3-flech lheprane
2,3.5- ; rimchylhexane
n-occme

F-Nonane
~-Decane
E-Undecane

Alk@ne8 ●nd Alkvnem

Iaoburene
l-Buc@ne
i,3-Butadiene
trana-2-Buceno
FKiFyno
cia-2-Buteno

=@rhyl-1-bur.ne

l-Penr*nO
2-Butpe

2-Marhyl-l-Butane

Iaopreno
trans-2-Penten*

ci6-2-Pentene
~ethyl-2-butene
Cyclopcntene
4-flethyl-l-p@nccne
cia-4-flerhyl-2-Pentene
~ns-4-Hothyl-2-Pentene
=hyl-1-pantene
1-Huene
2-Ethyl-l-butene
2-tlathyl-2-Pencene
rrans-2-Hexene
=-Hexene
G-3-H9thyl-2-Pentene
~hylcycloponren~
Cyclohueno
l-Hcprene
3-Heptona
2-H@ptone
2,4, 4-Trkthyl-l -pontene
2,4,4-Triowtbyl-2-paf\t8r.e
l-HechyLcyclohexen@
l-Occeno
cia-2-Octane
H?Onene
4-Nonane

@ -Pinane
@-Pin*ne
l-Docene
Limonen@
:-Undocene

Aromarica

Benzene
Tolu@n*
Erhylb*nzene
Q-Xylene
m-Xylono
3tyrena
o-Xylanc
Yaopropylbcnzene
r-~ropylberucn.

=-Ethyltoluan.

!

-Ethyltolu.n.

,3.5-Triwt hylbonzs!\a

(Continued)

#“



RADBAN
e.mmmmavlmm

TABLE 2-4. (Continued)

Aromatics, Conr.

o-Ethyl toluene
~rana-Butylbonzena
~-Trimechylbenzene
Isobutylbenzene
1.2. 3-Trhothylbonzene

F
-IaopropylcoluQne
ndan

Indeno
m-Di@chylbanzeno
ii-Bucylbonzane
‘-Diethylbanz@ne
b ●phthalene

HmloRenJtic

Chloro-rhane
Vinyl chloride
Bromomethan8
Chloroechtne
Trichlorofluoromethane
l. 1-Dichl~ro@chylene
llethylgnc chloride
rrans-1,2-Dichlo rocthenc
mofom
1.2-Dichloroerhane
1, 1, 1-Trlchloroethsn@
C%rbon cotrachlorlde
l, 2Dichlotopropane
Trichloro@thylene
romoc!ichloromerhane
Bis(chlorom8thyl )erhtr
cl#-1,3-Dichloropropena
~mm-1,3-Dichloropropane
~-Trlchloroothane
Gibromochloromrhan@
Torrachloroethyleno
chl.or~b~nz.ne
i, l, 2, 2-Tatrachloroethme

HaloRenatic, Cent .

Q-CtiOrOtoluanc
m-ChlorOtOlu@ne
‘-CMorotoluanc
i is (2-chloro@thyl )cthor
m-Dichlorobcnzona

w%%%:::

Acotaldehyde
Methanol
Propionaldohyde
Acetono
Ethanol
Dl~thyl ●rhar
2-Propanol
Isobutyraldchydo
l-Propsnol
Butyraldahyde
Butanone
Iaovalorald@hyda
2-Pantanono
l-~uranol
Valeraldahyda
3-Pentanone
1,4-Dioxan@
Bis(chloromo thyl)ether
tlothyl isobutylkotone
Hcxalal
Bis(2-chl.oroathyl )ethor

—.
(Conclnu@d)

H



T.4BLE 2-4. (Continued)

Sulfur

llethyl mercaptan
Ethyl mcrctipran
Dimethylsul.fide
Butyl mercaptan
2-Met hylt hiophene
3-Pl@chylthiophen@
Tetrahydrothiophene
Isopontyl ~rcapran
25-Dimarhylchiophene

8?%. detection limit for rh~se compounds im 1.0 ppbv-C for a campie inj~c-
tion volume grearer than 500 ~ and ● dilution factcr graatar than 0.45.

bThis m~thod has not bo~n fully validated for thaao compoun-’.s. Aa a readt,
these compounds are identified ●nd report-d, but thair conccnrratiolls are
not used lr th~ total non-mgthane hydrocarbon calculation.

‘)



APPENDIX II

Meteorological Data



.::”I.:AS DAY- ii,

1045 )1
11 09 IJ1
11 I’* 71
11 Ju ’14
II 4-I MH
13 00 h!
IA 1’) :/
lJ 10 bq
IJ4’J HI
IliJo 16
11 i’, ,bq
lJ JO IJ14
IJ 4“1 Ill

tiIsD SPEED {w/s)
.4Jy 4b~ 2 ]~ ~~u

.J Q4 :J14
I? 5 12 10 1 :
i21J lb i L

!)12 1)2(7
09’)6 12 1.0
J 1 J i..)9 1 3
,1 J ~q 1,; 21
;Y 12 i / 17
1 J 11 15 16
10 lJ 16 1 7
1JL7 J.o J.1
:215 1.6 1 5

J81O 1414
0507 O*oq
0.6 0.9 1.J 1 1
1,5 1 7 1.* 1 e
1917 LB19
‘eln 111’6
; ‘J O a Od O“J
1 J O L C.4 06
1 4 0 4 04 0.1
lb lb 1 1 lb
1.9 1 / a.1 2.’2
a a 2 4 a.e a,4
Ii ’27 24 J 1
IJJO ]l~an
I,a a.n a.: J,b
J 5 27 2.3 . B
;6 J1 a 1 i6
J.1 a,] a.] al
a.o 1.4 1.5 1.5
0.4 0 4 O.e 1.1
0.0 0.6 0 0 0 7
1.4 0.1 05 0.1
a.1 1.3 A.O 0.0
a.o 1.3 l.a o,f3
1.5 1.4 1 J 0.9
0 4 0 3 0.5 0.%
124040.606
0 7 0.6 0.6 0.6
0./ 0.’) 06 0.6
1 4 la 1 a 1.0

“Jl 144 IT JJ O 25,0 JI 0J4 O J O 1.9 1 7 1.J
141J HH q] 11 0 1A O l) II lb IJ J,~ 2,6 a.5 1 q
HI HI ,)0 14.0 110 12.0150 J.1 al 2a 19
‘) 1 ,1q “)5 llOJOUJl 0J5 O J.a 4 > J.4 J,J
II H v 1 III II o l>u lJ O Ia.O I.@ 1 5 1.5 1.4
$11) II Ho JMIJJ90J4.OJIJ o 1 J 1 1 10 Oq
In H4 H> J’117 Jqu J4 U41 O I O 1 0 00 L4U
\f bJ bO JI 0 1) O 41 0 44 0 1,0 0 q O 8 06
J14 J14 ]Oa 400 41 0 IZ.O Iq 0 U 6 0 J 06 0 1
H14 UJ ua la o lqo 31 056 0 O.q 1 0 1 0 09
06 IOJ IOX JOO lq O 1S Oal O 1 @ 1 0 1 b 1,4
In 110 1J4 J1 o aa.o aa 0J6.O a.o al 1.9 I 1
a7 la4 121 J40 11.0 )6 O Iq O A.1 J O I 9 1 H

ids srz. Dm(si”s)
●2.U 4b.M 2Js 12.i
‘ i J I J.5 04
IJ4J :0201
J } J 5 Cl 5 104

IJ 5J d C : 2 5
J4 O J J 7 J 5

.? 102 LI ; J ‘

II d d 5 0.+ 04

I) J!IMO 0,07

O 4 O.b O 1 J >

J J J 1 0.5 0 4
C.2 J4 o 1 0 5
2.5 0 5 2.0 0 7
J + O b J6 O.b
d 1 0 4 0 4 a.]
0.4 0 5 0.4 d 1
? 4 06 04 J4
).50 5 0 4 0 >
0.4 0 4 LJ o 0.4
J J 0.4 0.1 @ b
1140.313,4 0 J

0.5 0 4 c 4 0 I
(j J (J J J6 ~~

0,2 0 2 O.J O J
J.J J 1 114 0 J

,1 2 3 J .J 1 0 T

:)J9 J,JJ.I
.),1 (i . 0 4 u 4
IJ.JO.IOJ04
u.20.JO.IIJJ
O.J 0.4 O.J OJ
12.so.ao.s o.>
0.1 0 1 0 1 04
0.4 0.4 0.1 0.1
0.4 fJ.5 0.4 0.1

O.t OIO. JO.)
0.4 0.4 0.4 0.4
O.b Ob 0.6 0.6
0.4 3.> 0.5 0 5
0 J O J 0.4 0.4
0.4 0.: 0.1 0.4
0.5C.4 U J 04
05 G.IOC07
O 6 0 b 0.6 0.6
0 “1 O.b O 0 O.q
0.bOb060./
0.1 0 H 09 0 9
0 6 U ‘) 119 1.0
0 5 0,6 0 t O b
0.5 0 4 0 4 0 “J
O 5 0 5 O.b Ob
u 4 0 4 0.4 0 1
06 J I 0.6 0 1
0.00.9 0“) 0’)
o.50.6060t
0,010091.0



Th-6 TOWER (2265 9 ASL) JANUARY 22. ]991 [JL!LIAN DAY- 22)

?’I!!E
HR ‘S
1400
14:15
14, 10
14.45
.5.00
1>:15
1310
15:45
16:00
16:15
lb. JO
16:45
17:00
17,15

7:10
1,45
Boo
U:15
B 30
8.4>
‘),00
‘).1+

WIND DIRECTIDCG) m DIR ST DEV(XX)
t32y 4b~ ~3n ~~m 92M 46r4 JJ# lzn

Me 90 92 91 19,0 27.0 10.0 11.0
9e 91 89 82 2).0 ao o aa.o 39.0
79 77 79 n3 11 0 la.o 14.0 19.0

Ii] llB 115 114 15,0 lb.O J9.O 17 0
161 169 175 176 14.0 16.0 10.0 21 0
145 146 142 116 lB.O 15.0 20.0 24 0
158 154 151 147 14.0 19 0 21.0 29.0
176 17E 179 169 17.0 15.0 19.0 21.0
142 127 131 123 15.0 17.0 20.0 aa.o
147 141 134 126 17.0 14.0 17.0 aO,O
122 131 112 llE 20.0 10.0 36.0 13.0
116 134 la5 111 lB.O 10.0 J] O aO.O
16L 166 164 157 14 0 14.0 19.0 a2.O
194 201 202 202 6.0 9 0 11.0 17.0

WIND SPEED (PI/S)
92M 46H 23!! lZM
1.5 1.4 14 1.5
1.5 1.7 1.5 1.3
1.6 1.6 1.5 1 1
2.1 20 1.7 1.4
3.1 11 2.0 a,)
2.0 2 a 1.8 1 6
2.4 2.5 J.J 1 9
1 e 1.8 1 5 I.a
2.4 2.1 2.1 1.9
2.0 2.0 1 6 1.4
141.2090.S
1.4 1.3 1.2 1.0
1.5 1.4 1.1 0 e
3.4 a.1 a.o 1 4

201 22S 235 230
169 212 230 229
140 171 2)6 265
117 15@ 202 246
129 15S 2a3 262
!J6 165 269 207
161 JbA 2uS 292
l>tl 21M J5H 274

4.0 5.0
21.0 le.o
15.0 19.0

4.0 le.o
7.0 16.0
5.0 ae.o

aa.o 20 0
13 0 11 0

10.0 aa.o 1.7 1.7 1.2 0.s
11.0 20.0 1.4 la 09 0.7
27.@ 27.0 1.4 0.7 0.7 l.O
24.0 21.0 2.1 1.1 0.7 0.0
25.0 12.0 l.e 0.9 0.5 1.1
11.0 E.o 1.4 0.1 0.7 1.3

9.0 7.0 0 9 0.9 1.5 2.0
9.0 4 0 1.2 1 0 1 4 2.0

1910 1>4 l)B 246 26Q ; O 15.0 10.0 6.0 l.b 1 2 1.6 2.1

lW.45 159 198 254 271 b.~ 17 0 12.0 6 0 2 0 1.2 16 2,1

JO 00 141 2J4 275 285 10.0 21.0 8,0 4 0 1.1 07 1.1 l.e
30,1+ lB1 231 251 274 11,0 12 0 7 0 5.0 1.4 1 4 1.9 2 a
20 JO a02 22E 257 269 10,0 9.0 6 0 4 0 1.9 1.0 2.4 2.7
JO:45 a:6 211 256 a72 6.0 5.0 4.0 1.0 1.S 1 9 2.5 2.5
21,00 Zll Jla a64 a67 10.0 16,0 10.0 lJ,O 1,7 1.7 2.0 1.2
JI:15 aon *15 a4a a50 7.0 lL.O 14.0 la,o 2,6 2 4 a.3 1,9
J1:JO a15 217 a19 254 5.0 11.0 14.0 11.0 1.1 JO I.O a 7
21.45 214 JZ1 a47 a61 5,0 6.0 6,0 q O 1 5 1,1 1.1 2,5
aa:oo 197 ao6 a35 a53 4,0 9 0 la.o 11,0 4,0 ),1 a 5 a.o
aa:15 19a 194 2a1 a47 7 0 7.0 12,0 13.0 2.7 a a 1.6 1.3
2a:Jo 199 a45 35e aa4 lI,o ao,o ao,o ao o 0 e 0,7 0,5 0.6
aa:45 1B6 192 10B 199 7.0 20.0 a2.O )1,0 1,1 0.9 O.B 0.6
21.00 169 171 175 210 la.O 10.0 7,0 15,0 1.1 0.8 0.8 0.6
a]:15 196 ao2 ao] aaI 10,0 21,0 a4.o aa.o 0.6 0.7 0.7 0 7
21:10 0 1J5 116 99 1.0 9 0 190 59 0 0.0 0 1 0 5 0 1
a]:45 115 171 157 175115.0 10 0 7 0 0,0 0,0 0 5 o.tI 0,9
J4:O0 109 l’Sa 11J9 a19 14 0 b.O 14 0 14,0 1 0 1 1 1.1 1.4

DAILY SIM!ARY

WS STD DEVIK/S)
9aM 46H 2JM 12t4
0,10. 40.60.5
0 6 0.7 0.00.7
G.50.50.50 6
1.1 1.2 l.al.l
0.00s0.009
0.6 0.7 0.90 9
o.9090.eo. a
0.50.60. 70.6
0.7 0.7 0.00.7
0,50.50.50.5
0.4 0.4 0.50.5
0.50.4 0.4 0.5
0.50.60.60.5
o.a 0.4 0.50.5
o.a 0.4 0.4 0.3
o,]o,ao.ao, a
0.4 0.30.2 0.3
0. 10.40.30.3
o.a o.a o.a o.a
o.a o.a u.a 0.2
o.]o.]o. ]o.a
o.]oao.ao2
u a 0.1 O.J O J
020. IO.1O,J
o.]o. ]o.ao.a
o.ao]o. !o.)
o J o.ao 1 0 a
0.2 o.20.a 0.3
0 a o.a o J o 5
0.4 0.50 4 0.4
o.a o.a 0 I 0.5
0.4 O.I o.a 0.4
0.2 O.a 0.1 0.5
O.e O.e 0.5 0.5
o.a 0.3 o.a o.a
o.]o.ao. lo.l
P J o a 0.1 0.1
o.]o. ]o,ao4
0.1 o.a o.ao.a
0.0010. :0.1
0 4 0 I o.a o 1

AT HEIGHT-9a 3 AW SPRltl’)- I b m/m PWAR IN’ST- > 0 m/s at 1444 MST
AT HKIQMT-4h E AVG SPEED- I 5 mzn ll~AR ~~sT- ‘1 b mlci at 1441 YST
Al HEIGHT-J) !! AVG SPEED- 1 i m/s PEAR GKST- 5 4 mls At 1444 ns.r
AT MEIGHT-IA R AVG SPEED- I 4 M/s PEAR I:l’ST- ● 4 mlm ●t 114) MST

AT WEl@4T-lJ R PEAR 1 !41N Gl’ST- J t? m/s at 1144 %ST



TA’o P>WR :2265 !! AsL) JASI” ARY JJ. :,~~1 :JI” LIAN DAY- 22)

woIsTrRE(:.2s)
Ta,.c rE!!PERATCPE (Ott DEW PT PH PREC PFIES DENSITY

HR u:{
).) 15
( ,1 “ac
cl) 43
0: Lo
Jl:15
1: 10
,J14>

,!2. IJJ

02 15

02.10
J2.45
OJ:O@
01:15
01:10
01!4s
,)4 (lrl
1)4 1>
04:10
04.45
0>.00
~5,L5

05.10
05!45
06, CIO
Ob 15
IJ6 10
Oh .45
0? 00
07,15
07 ! 30
07:45
09! 00
Oe, ls
08:30
00:45
99:00
09:15
09! 10
69:45
10:00
10:15
1010
10:45
11.00
11 15
11. JO
:1 45
la 00
la 1’3
la! 10
la:45
11:00
lJ.15
lJ:JO
1J45

.:J 9

-a 2
-u 4
-d 2
-N 4
-a 4
-4 5
-H 6
.Y :
-9 9
-H.9
-+ a
-3.9
-9 1
-9 1
-d. @
.,1 n
-9 1
.~ j

-9 ‘+

-9.4
-9 4
-*,1
-tl.9
-n 9

89
-~ o
-9 J
-9 1
-9.1
-9 5
-9 6
-9 6
-9.6
-9. s
-9a
-9.0
-B a
8.5
-e. a
-M o
-r 4
-1.1
.7 I
-7 5
-t 1

10
-? 1
e*
bti

‘b 4
.5 9
-3.5
-5.1
-5.1
-4.6

46!121W
-1 a -: e
-8 1 d 1
-1 9 -d O
-* o -do,
-B. l -0 1
-9 1 -9,1
-* 1 -M J
.4 4 NJ
H b -1! b
-d5@7
-H d -3 9
-% I -13 1
-8 ? -u ?
-B 7 -e. ?
-H 1 -H 1
-q 7 -4 ?
-8 0 u a
-9 J -9 2
-~ 2 -9 5
-9 4 -9 4
-9.4 -’J 5
-+ J .4 1
-0.9 -9 a
-* o .4 1
-Ii, ti -$.1
.9 0 -9 1
-*.9 -:i 9
-9 0 -M.9
-9 1 -9 1
9.4 -9.1
-9 2 +.a
.9, a -9 1

-9a -9.1
-9 i -’6.9
-e.9 -0 6
-R.5 -n. a
-n. ] -e. o
-9.1 -1.0
-7. e -1 5
-7,5 .1 a
-6,9 .6,7
-6 6 -b. J

65 -b 1
-6,’2 b 1
-6 a ‘b. %
‘b 5 n A
-6 0 -6 4
e 4 .6 1
‘b ] b.O
.59 -5.6
.5 5 .,5 J
-5 0 .4 0
-4 1 -4.4
-4, % -4 a
-4.0 1.1

12wl J!4-5cY (I>r) (8) (1s) :wB) :RG/uJ)
-4 4 -11 1
B.5 -12.7
-d.4 -ka.9

,-9 7 -12.J
-S.6 -:2.’)
.~ d -11,;
-4 9 -14.1
-9 d -LJ.U
*J -la 1
$ J -11.2

-+ 2 .lati

-3 1 -1’J.4

-d 9 -la.7
.4.0 -la,4
-*.L -11.1
-4 J -12,5
.4 7 -i2.J
-~ 6 -11 9
-9 d -11.J
-> 4 -lJ.2
..) 1 -14.1
-+6 -11 1
-9 5 -11 B
-4 8 -14.0

+ H -11 1
-IQ 2 -!4 6

-+ 9 -lJ.7
-9 6 -13,7
-0 4 -lq.a
-9.9 -15.6
-9 1 -lJ 7
-9 5 -lJ.J
-9 a -11.1
-fJ 9 -10.1
-@,6 -9.5
-u 1 -0.9
-1 e .~ -J

-1 1 -II o
-7 6 -1 6
-7.2 -7 J
-6.6 ..~, ]

-6 J -6.J
-6.1 -b a
-6 5 -6 6
.6 4 -6.J
.n 1 .5.9
b 1 -b.a
.6 0 -6 0
.> ‘? .6.0
-5 5 -5.5
-9 a .5 1
-4 7 -4.7
4a -4,1

-4.0 .J,3
1,1 -J,5

:1
J L
01
31
01
0.1
01
01
0.1
0,1
01
01
0,1
5L
0.1
01
0.1
0.1
0.1
01
0.1
0,1
0.1
IJ.1
01
0.1
0.1
OL
0.1
0.1
0.1
0,1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
01
tl,L
0.1
01
01
0,1
01
0.1
0.1
01
0.1
0.1

-i+ j

-14.B
-15.0
-14.1
.15.1
’15 9
‘16.4
.14.1
-14.3
-15.4
-14.8
-14,4
-14.e
-14.J
-Ls.a
-14.4
-14 1
-lJ.a
-15.5
-15.)
-16 J
.15.8
‘16.0
-16 9
-L5.1
.17 0
-15.9
-15.9
-16.7
-lea
-15.7
-14.a
-la.9
-la.)
-11.9
-11.6
-11.7
-la.o
-la.3
-la.7
-11.0
-11.1
-lJra
-12.6
-ia.e
-lJ.1
-12.7
.lao6
-la.a
-12,5
-lJ,O
-la.~
-lals
-la.5
-14!1

3i o JO
lJ4 o 00
a4 o 00
ti4 1).do
81 0.00
qil 0.00
B2 0.00
95 0 00
E5 0.00
81 0.00
H4 0.00
E5 o 00
e4 0.00
es 0.00
UJ 0.00
B% 0.00
84 0.00
85 0.00
eJ 0.00
e4 0.00
Ml o 00
IJ4 0.00
e~ o @o
li2 o 00
84 0 00
HI o 00
83 0.00
Ma 0.00
Ml 0.00
00 0.00
04 0.00
n5 0.00
96 0.00
04 0.00
02 0,00
80 0.00
76 0.00
7J 0.00
69 0.00
65 0.00
61 0.00
50 0.00
57 0.00
62 0.00
59 0.00
57 0!00
60 0.00
bO O 90
61 0.00
Sa 0.00
51 0.00
5a 0.00
5a 0,00
51 0.00
50 0.00

;+2 i “ - “
?72.6
772.6
772.6
7?2.5
772.6
772.6
771.5
772.5
772.4
772.J
172.a
772.1
772.0
771.9
771.B
771.5
771.1
771.1
771.a
771.1
771.0
170.9
170.9
773,9
771.1
771.1
771.1
771.0
771.1
771.a
771.1
771.1
771.J
771.4
77i.5
771.6
771.6
771.6
771.6
771.6
77t.7
771.0
171.0
77i.1
7tl.6
7?1.4
771.a
770.9
770 1
170.5
710.J
770.1
170.0
leQ u



TA-6 TOWER [2J65 H ASL) JANI, .Y 22, 1991 (J(’LIAN DAY- 22)

MOISTURE( 1 .2H)
TIME TERPIZRATfJRE (Oc) DEW PT RH PREC PRES DESSITY

HR UN 92 9 46 H 2j M 12H 1.2 !4-5CM [oC) [t) (IN) (MB) (KG/Pi])
14:00

14:15

i4: 30

14:45

15:00

15;15

15:10

15:45

1600

16:15

16, 10

16:45

17:00

17:15

17:10

17:45

Ia.oll

18:15

1810

IW45

1900

19:15

:9 )0

19 45

20.00

20.15

Jo 10

2045

21:00

21 15

21.10

21 45

2200

22:15

22:10

22:45

23:00

21:15

21:10

aJ:45

24:00

DAILY

-4 4
-4 2
-4 1
-4 0
-4.5
-4.2
-4 a
-4.3
-4.1
-4.4
-4 4
-4 4
-4.5
-5 0
-5.2
-5,1
-5 1
-5 3
-54

-5 4
--J 7
-> 7
.>;
.:8

-5 e
-5 9
-6 1
-6.1
-6 2
-b 5
-7 0
.-6.6
-6,8
-7 5
-8 0
.7 9
-e 2
-M 4
-e 5
-8 1
-0.4

-1.9
-1.7
-3.6
-3,5
-3,9
-1 6
-).6
-1.6
-3.7
-3.0
-3.9
-1,3
-4.0
-4.e
-5 0
-4.9
-4.9
-5 0
-5 2
-5.2
-5.1
-5 j
-> 4
-5 5
-5 6
-> 6

57
-5.0
.-5,S
-6,2
-7,2
-6 7
-6,0
-7 5
-7,7
-7,7
-7.s
-R o
-0,1
-0,2
-0,3

-1 7 -3 6 -1.5
-3.5 -1.4 -3.4
-3.1 -3,1 -3.2
-1 2 -3 0 -1 1
-1 5 -1 3 -1.2
-3 2 -1.1 -3.1
-1.3 -1.2 -1 2
-3 3 -3 a -1.4
-3 5 -3.4 -3.5
-3,6 -1.5 -1.6
-3.6 -3,5 -3.1
-3,6 -1.5 -3.0
-1,s -3.0 -4.1
-4.6 ‘4.6 -5,2
-4.9 -4 9 -5 4
-4.9 -4 9 -57
-4.9 -5.3 -7.1
-5 0 -5 4 -7 9
-5,1 -5.5 -0 9
-5.2 -5.6 -9 9
-5 J -e 1 10.0
-5 ] -6 9 -10.3
-5 5 -~ ~ -10.2
-5 e ‘b.4 -10.7
-5 6 -5 e -lo 7
-5.5 -66 -11.a
-5 e -70 -11.0
-5.9 -7 a -11.4
-6 2 -7 5 -11.0
-6 4 -a4 -11.1
-7,4 -e H -10.7
-7,2 -8,4 -10.J
-7,1 -8.2 -lo ,
-7 6 -7,9 -11.)
-7 6 -7.7 -12 d
-7 6 -7,s -11.2
-7,7 -8.2 -12.4
-7,s -8.0 -12.3
-H,l -8.5 -12.0
-n 2 -8.4 -11.4
-0 J -8.9 -11.2

SIWIARY IAT 1 2 S15TERS)

01
01
0.1
0.1
0.1
0.1
0.1
01
0.1
0.1
Oi
01
01
0.1
01
0.1
0.1
01
0.1
0.1
0.1
0.1
0.1
01
01
0.1
0.1
0.2
0.2
0.2
0.2
9.2
02
0.2
0.2
O.a
0.2
0.2
0.2
0.2
0.2

-i2.5
-12 5

-12.6

-12.6

-10.9

-11.2

-11,1

-10.7

-10.8

-10.7

-11.o

-11.1

-10.4

-9.1

-9,5

-e 4

-9.7

-10.1

-11.0

-12.1

-12.1

-:2.3

-12.1

-12.0

-12.9

-14,0

-11.0

-11.6

-11.0
-13.2
-12.9
-12.6

12.0
-11.5
-15.2
-12.9
-14.4
-14.2
-13,0
-11.1
-15.4

.
49 0.00
49 0.00
48 0.00
47 0.00
55 000
51 0.00
54 000
57 0 00
57 0.00
se 0.00
57 000
57 0.00
62 0.00
74 0.00
79 0.00
El 0.00
B1 0.00
84 0.00
e4 0.00
e4 0.00
84 0.00
es 0.00
94 0.00
es o 00
e4 0.00
04 0.00
115 0.00
03 0.00
e5 0.00
e4 0.00
e4 o 00
B3 0.00
82 0.00
82 0.00
02 0.00
07 0.00
85 0.00
86 0.00
86 0.00
B6 0.00
e] 0.00

769.li
769,6
769.6
7C19,7
769.7
769.kl
769.0
763.0
769,7
769.8
769.0
769.8
769.9
769.9
770.0
770,1
770.1
770.3
770.3
770.4
770.5
?70.5
“770 5
770.6
770,8
770,8
770,9
770.8
770. I
770.7
770.7
770.7
770.0
770.E
770.8
770.IJ
770.9
770.e
770, )
770.6
770.4

‘AX TEHP- -2 M UC at 1515 MS+ !IIN TE14P--16.6 at ; 1 RST AVG DENS-O 000 Kti/El
‘AX I)EU PnI?4TfDP)- U1 KIN DP- -19 4 AVG DP- 1

llAX REL HLWIIDITY(RM)- tlljt .NIN RH- 46t AW Rti- I i
PRCCIPlrATIOri- (1 00 INCHES
WAX ATE IIRESSI’RE- 112.L4 WB 141N PRESSURG- ‘7b9,6 llB AVG PRCSSURl?-

.



T. X-b TI’WER i2~b~ u ASL) .: A%UARY 2J. :1,)1 ,.; :”LIAN DAY- 1)1

~l~E

i4R !!s
‘? !3
.J.y. ]j

.~.J 4>
. . .]~. .

J1. lY
‘i )C

:: 45

:2 cl,)

JJ 1>
12 III
‘!1 45
.)1 dlJ
!31 :13
03 )IJ
0145
04 !0
,04:1>
L14 10
04 45
J,.o”l

0>!15
05: 10
05.45
,)6 .0,1
06 1.,
Ob. ]fJ
06.45
07.00
0715
07:10
07:45
an, oo
08:15
00? JO
00!4s
09 ! 00
09:15
09!10
09.45
10.00
lU.15
10:JO
10.4i
il:OO
11 15
11 ‘o
11 4>
12.00
lJ. li
12 JO
14,45
1100
lJ .15
11.10
1145

W-SD 319 ECT( PEG) WNC DIR ST DEVIXXi w:sr, SPEED (~zs)
92s 469 21s L2!4 QJ: dbrn ~ lU :Jy q~~ 4b~ J]s l&

200 ltio XJO 246 1.1 ti.o * 1) ;2:11 i lllb
lti4 Jll 219 255 J ,) E.o 9 ,? + : L 7 L 5 l.d 2,1
:;B 198 249 265 12.0 LJ.O 6 ,) ;J 11 11 1 1 !9

:42 194 242 2ri#~? O 6.0 16 0 *!! :2:1 :.1 lJ
lid 190 199 190 13.0 18.0 J2..7 IN 3 !1 1.0 115 0.5
224 249 J51J 267 20 3 11 0 2! II 12 ‘2 2,4 ud US 1 9
21J5 2H2 !JO 115 13 0 2H u 47 0 11 :, 02 04 0 7 1 1

l~b : :“>1 144 lb d 27.0 17 0 22.C O 6 121414

J1414 125 IJi 1!2 14 0 ?0 7.() b o 1? 4 IJ,a 1 1

121 J5:

1,5

1!4 ICti 10.0 b O 19 0 11 0 17.4 Oa 1 2 1 2
?4,3 J4H 142 119 5.0 190 1S.0 7 0 Ob 0.7 0.8 1.2

J9 124 111 114 180 21.11 11 0 b.O 0.2 0.5 0.8 1 2
161 202 271 276 21 0 26 0 lb d 60.0 0 6 0.4 0.5 0.7
195205 244 271 12.0 90 8.0 60 J.O 0,3 1 0 1.5
1)1 ala 288 J02 3,iJ 17.0 le,o 14.0 0.5 0 5 1 a 1 4
124 ]40 JJ5 115 17 0 15,0 11 0 b~ O J 0,6 1.4 1 5
]bl) 4 J5J 142 11.0 e.o 11.0 5.0 0.9 1.4 1.7 1.9

14 159 j44 Jll 7.0 I.o 6,0 70 1 9 a.1 a.] 1,9
la 4 155 la5 6.0 7.0 lL.O 14 0 a.a 2 c 1.s L 2
da 1,: J>~ JJa 10.0 ]1.L7 l@.O la.O 1 9 1 9 la Oti
34 55 21 104 6,0 la.o Ie,o 54.0 2.2 L.a 0.8 0.9
J13 111 295 IIJO 16.0 al O 16.0 15.0 1.5 0 4 0 7 O.IJ

JE2 Jlb 1 J40J4.O 41.0 17 0 51.0 1 1 0.6 0.4 0.6
JJ6 2c1 ’11 160 H.O 5J.O 29.0 52 0 1.2 0.2 0 1 0 4
229 245 240 217 aJ,O 19 0 40.0 14 0 1.1 0,9 0 6 0 H
J49 251 i?J iB4 10 0 10,9 10,0 16.0 1.7 I 7 A a 2 0
214 aJ2 J>O 265 14 0 11.0 10.0 IJo 1.5 2.1 a.2 2 J
J19 2aJ J40 255 10.0 10.0 la.O 9 0 1 6 1 9 2.1 a.]
210 226 2a5 ~+J lE,O 14.0 58.0 59.0 1.4 1.1 1.4 1.1
215 J4 51 4@aa.O 660 16.0 a9 O 1.1 0.5 0.9 0 6
106 4J 44 Jn 70.0 16.0 11,0 aa,O 0,2 1.2 I.a O @
lua a5 64 U5 17,0 J9.O 25.0 11 0 0.5 0.7 0.5 J.J
112 86 J5 22 20,0 21,0 19.0 a7.O 0.4 1.0 O,P 0.7

65 46 J5 14 a4,0 a7,0 19.0 aa.o 1.0 1.0 0 6 0.5
a9 160 14 aa L1.17 19.0 19.0 ao.o 0.7 1.1 h.e o 6

Jas 49 70 85 60.0 16.0 21.0 16.0 0.2 0.7 0 6 0.1
111 7a 71 HO 20,0 15 0 16.0 4a.O 0.5 0.7 O.b 0.7

90 65 67 Ml 460 170 aO,O 25.0 0.5 0.5 0.5 0.4
58 61 76 e5 Ia.o aa.o 17 0 Iu.o 0.5 o,e 0.0 0 7
22 IJJ al us 51 0 15.0 21.0 21.0 0.4 0,4 0 t 0.7

!14 9e 89 a9 a5,0 21.0 19.0 19.0 l.a 1,1 0.9 0.9
147 117 119 10L a2,0 a5.o a6,0 a6.o 1.5 1.4 l.a 1.1
1]0 124 ia4 11.I aoo 2s.0 a7,0 aa.o 2 0 1.9 1.9 1 u
lJJ l{J 141 lJL al,oa50a7.o 110 1.6 1 5 1 s 1 2
106 ‘)b 89 88 a4.o a5 o aa. Aa.O 16 lb 1.6 \.”i
1111 101 Ml Ml J1.0J6,0JJ.0J60 1 9 1 ) 1 6 1.4
lbJ 16J 1h5 162 a2.o Ao.o a],o a9,0 L 9 1 e L 6 L J
157 149 151 14t 150 14.0 le~ a4.o J b ~.1 i 4 a o
1>1 144 140 lIJ 17 0 aa.o a7.o JI.O J J d a a.1 1 8
145 J5J 149 145 16,0 19.0 a5 o aa.o J.J a a a.2 2 0
141 144 144 iJa 19.0 a9.O J6.O 100 a.a A a 1 7 J 5
154 146 lJb IJO 190 19.0 a7 o 11.0 a J A 4 a.o 1.6
144 154 150 143 L9,0 ao,o 25 0 la.o a.J a.a 1 I l,)
15a 144 1J9 La9 16 0 15.0 10.0 aa.o 1.9 a o 1.9 1.6
16A 146 14a i Jo al.o i7.o 17.0 aa o a.i 2 0 I n I b

US STD DEV(n/5)
42A 46M 21X :2!4
o 1 o.i o.a o 2
.).2 d 1 0.2 0.2

2 1 02 0.2 0 2
,1 4 0.2 0.4 0 7
LJ,5 0.4 O.J 0.1
0 1 0 J’J.] J 1
02 0 ) c 20 J
d20i G4fi4
0. JO. 10.20.)
O.J 0.2 0.2 0 2
0 1 0 2 0.2 0.2
0.2 0.1 0.2 0.2
J.z 0.2 0.1 0.5
0.1 0.2 0.2 0.5
o.J o.a o.a 0.2
OJ O JO JO 1
0.2 O.J O.J 0.2
IJ.J O 1 0 JO 4
IJ.1 0.20.10 J
O A O J 0.1 O.J
d.a 0.9 0.5 0.)
0.5 0.4 O.J IJ.J
O.J 040.4 O.J
0.2 O.J O 2 0 2
(J. JO. 7070.7
O 1 0. JO.40.5
o.a o a o.a o J
0.JO.JO.IC4
o.a 0.5 0.4 ,4.5
0.5 0.4 0.2 0.1
o,a 0.5 0.4 0.4
0.4 0.3 o.a 0.)
0.5 0.2 o.a o.a
0.4 0.10.4 O.J
0.4 0.1 0.1 0.4
o.a o.J 0.4 0.5
0.1 0.1 0.1 0.4
O.lO.lO.lO. J
0.4 0.4 0.4 0.4
(4.4 0.4 0.5 0.5
O.a 0.53.4 0.4
0.5 0.5 0.6 0.5
ObO.70b0.6
060b 0.706
0.1 0.50.b U.J
O 6 0 7 0.7 0.1
O,to. lo.lo.r
o 0 0.1 0.9 0.9
0.9 O.u o 9 0 9
070. 70.70.7
0.9 0.0 0 9 0.9
0.70.70.1470.0
0.6 O.b 0.6 0.6
0.5 O.u O.n 0.9
11.b n.1 ~ H O ~



:A:LY S’”WAPY

WIND SPEED [?!/s)
92H 46P 21S 12M

18 la 15 1 ~
1917 :411
1 0 08 C6 Ob
1.2 ! 2 1:, : 1
19 18 1 ; 15
2 1 22 22 a 1
232: :91b
1.7 1 7 1 7 1 5
19 20 1 7 12
17 161514
21 !9 1714
11 14 1 1 10
1314 1210
14 1 5 12 08
11 1 3 12 07
0712 :414
69 15 1 7 19
0914 1E15

14 19 20 1 7

l>lb la~o

0’3 :1 ibl~

;Ii> 192’2

10 : 5 lU 19

10 ;4 lb 1 I

07 ;0 1 b 21

0106 :4 :9

:1 i4 1920

11 1 1 le 19

15 09 1 1 1 1

11 09 1 I 15

lJ 1 7 Jo 21

1717 lele

21 16 1 2 10

22 ie 1 1 :3

18 17 12 1 1

11922 1915

11 !2 12 1 1

0511 Ian

0b12 1115

OM 1 4 le le

OSIJ 1B20

US STK) DEV(?!/S\
92P 46P Jl!? 12%

Jb07070b
05060b06
05 0 50 50 5
05 0 7 0 60 6
06 0 80 90 9
05 0 7 0 10 B

07 0 7 0 7@ b

05060606

06 06 06 0 7

04 0 50 50 b
O 4 0 5 0 5 0.6
04 04 04 0 5
0 a 0) 0.4 0 5
!)2 020 1 0 4
0 3 02 02 0 2
0 5 0 1 0.4 0 ?d
0.4 0 1 0 4 0 J
04 04 04 0 4

02 0 1 04 0 4

0 1 0 10 104

OZ 04 0 ) jJ

rllo40~(J4

O 1 0 JOb 3 >
J 1 0 1040 5
0 1 02 C2U 2
04 0 4 0 5(? ;
Ob O H O IJO 5
J50i ObC4
Oa o 1 ,3 10 I
o 1 02 II 10 a
05010JOJ
C40>04Cb
o 1 0 10 104
02 0 1 0 )0 4
04 0 5 0 5U 5
0 J o )0 104
04 0 JO JO 1
04 02 0 10 J
o 1 02 0 )04
04 04 0 )0 1
02 02 0 1 G 1

.



.2.
.) a

i2
“’ a
:i
‘d
iJJ
3J
:a
a a
la
01
.21
01
Ul
cl
01
01
01
01
0.1
~1 L

JI

31
.,. .
a:
01
91
01
01
01
01
01
01
01
01
0.1
01
0.1
01
0.1
01
Ot
OL
01
01
01
01
01
OA
01
01

:;
01

.:””
.0 1

.t-. . 0

-:lJ
-!5 *

:4 d
,a 6
!0 J
;>9

-lb 4
).: o

-1: 4
.1;0
-!5 *
-11 1
-17 1
-16 4
-15 1
-14 e
-15 4

Is 9
-ls.i
.i7b

i3 6
-15 6
‘lb ]
-175
-16 0
-14.s
-14.1
-15 a
-15.0
-is 1
-14 0
-11.5
-11 a
-lab
-la.5
-la.o
-la o
-la 1
-la.a
-la.t
-la 9
-12.9
-la.9

lJ.9
-11.1
IJ.2
-110
lJ1
-lJ O
-ia.s
-la 1
-lab
-la 4

. .
~1 G :2

d> c1 :0

Hi O SO

44 0 00
*> s ;O

Y1 c 00

h] c 00

*4 o 012
IJJ 0 90
eo o 00
82 IY 00
Ha o 00
*6 o 00
@l o 00
ea o 00
01 0 00
e5 o 00
a4 o 00
14J O (10
@J O 00
e] o 00
U1 o 00
04 0 00
R4 o 00
UJ o 00
El o 00
@a o 00
05 0 00
e4 o 00
OJ O 00
84 0 00
64 0.00
-s 0.00
61 0.00
6a O 00
61 0 00
60 0 00
79 0.00
76 0.00
71 0.00
b6 0.00
64 0 00
59 0 00
56 0.00
59 0 00
blJ Q 00
57 0.00
36 0 00
56 0 00
%5 o 00
54 0 00
55 0 00
%5 o 00
54 0 00
54 0 00

:!1;
., 4
7:J 5
7:J 5

;:0 5
:?3 6

:?25
:?> b
71O b
‘?CI b
770 $
770 4
7?0 4
?70 1
170 2
110 1
769 9
769 9
769 1
7b9 1
769 1
)69 E
169.9
769 9
770 a
13C c
’70 0
770 0
170.1
710 a
770 a
770.a
770.a
770,a
770.1
770.J
770 4
770.6
770.7
770 7
770.6
770,8
710 6
170.6
770 7
170 4
170,1
770 0

lb9 8
7b9. 1
169 b
160.6
769 1
169 6
lb- J



TA-b TObiCR 12265 R ASL) JAIIIVk~Y 23 :9*1 ,.ll LIAS PAY- 21}

uOISTCRE( ] 2!?)
TIWE TEMPERATURE (@c) DEW PT RH PIIEC PBES DE NS:TY

nn nN 74 7. ● O n
i4 00 .; 5 4 e

14 15 -- a -4 6

14 10 -5 0 -4 1

14 45 -4 b -4 1

15 00 -4 5 -19

15 1’I -4 4 .>9

15J0 -4 4 j9

15 45 42 .)6

1600 -4 1 -1 7

16 15 -4 2 -)7

lb 10 4 a -36

16-45 -4 1 -)0

17 00 -4 ) -J e

17 15 -4 4 -1 9

17 10 -4 5 -4 0

11 45 -4 -4 1

19,00 -4 6 -4 a

1015 -4 6 -4 1
la 10 -4845
184549 4 h
130049 4 b
19 13 -49 -4 1

19 10 -. c -4 H

1945--141
20 00 ‘1 4 u
20 15 >0 47
201052 -4 $
20 45 -> 4 -5 1
J: 00 -? 4 !1
J1 Ii -54-?1
2110 -5 6 52
2145 -> 9 -5 5
Ja. oo -e 5 -6 1
23 15 -o 5 -6 4
aa 10 -0 9 -b 7
22 45 .10 -6 9
21 00 -7a -1 1
2115 76 -7 a
2110 7 6 -7 a
a145 7 4 -11
2400 -14 -la

[IAILY S1’MJIARY (AT

-4 5 -4 1 -4 3
-4 4 -4 i -4 a
-4 1 -4 1 -4 0

)9 -In -1 H
-1 6 -)5 -1 b

-3 5 -1 4 -14
-1 6 -34 14
-3 4 -1 2 -1 1
-1 1 -12 -1 I
-1 1 -1 2 -1 1
-1 3 11 -J 5
-1 5 -1 J -) 6

-1 5 -3 5 -) E

-J 7 -1 7 -4 1

-1 9 -39 -4 9

-4 2 -4 5 -6 0

-4 a -4 $ -7 0

-4 e -5 4 .7 a
-4 9 -> 5 b 6
-4 9 -5 1 7 0
-4 6 -5 0 -1 14
-3 0 -> H’41

-4 7 -3 1 -u e
-4 7 -5 2 -lo 1
-4 9 -5 5 -4 )
-5 0 -5 5 -lo 5
-4 9 -3 9 -* a
-3 5 -6 b --10 5
-5 a -5 e -lo 1
-5 1 -i 4 -11 5
-5 1 -5 7 11 )
-5 7 -6.6 -lo 7
-h 4 -6 6 -9 4
-6 5 -b 9 -10.7
‘6 6 -O 7 -10.6
-6 9 -7 1 -lo 9
-? 1 -7 J -lo 5
-7 1 -7 ) -11,s
-7 0 -7 a -la z
-7 0 -7 7 -11 4
-7 1 -E.o -12 e

I 2 nETcRs\

01

01

c1

01

cl

0.1

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

i71

01

01

01

01

01

01

01

01

01

0.1

01

01

01

01

01

01

01

MAX TERP- 1 1 ,r at 1549 MST !lIN TEPP--
HAX DEW PCIMTf[IP)- .9 4 EIN LIP- lW o
MAX BCL Hl!MI[)ITY(RH\- H7t MIN RM- 5Al
P@ECIPITATIf)N- (I c\O INCHES
‘AX ATP PnlIS.51”RE- ~~4 J MB ?!lN PRESSl~RE-

((IC) :*) [!?4)
-12 2 54 0 00

12 0 51 0 00

la 1 51 0 00

ia O 51 0 IJo

116 51 0 00

-11.4 51 0 00

-11 4 54 c 00
-11 4 51 0 00

-11 5 51 l-l 00

11 7 52 0 00

-116 51 0 00

-11 6 54 0 00
-11.1 57 0 00

-105 61 0.00

-10.4 66 0 00

(SD) (RG/SJ)
7b9 ]

769 2
78+ 2
769 2
769 1
169 4
789 5
769 6
169 ?
769 9
7:0 1
170 2
770.5
770 7
770 B

-lo 5 70 0 00 771 0

-106 75 0 00 771.2

.10.5 77 0 00 771 J

-9 9 77 0 co !71 5

106 75 0 00 171 7

11 1 76 0 00 171 0

-!2 ) 15 0 00 771 9

-124 75 0 00 772 0

IJ.7 76 0 00 172 2

.117 72 0 00 772.1

14 4 71 0 00 77a 5

lJ 5 70 0 00 772 b

-14 e 71 0 00 172 7

-119 71 0 00 772 9

14 9 75 0 00 ?71 I
-14 4 70 0.00 77) 1

-11.9 77 0.00 7?1 4

12.6 le 0,00 171 6

-11.9 77 000 773.1

-lJ.7 7t3 o 00 771,9

-117 00 0 00 771 9

-IJ4 79 0.00 774 0

-14 6 79 0 00 7?4 1

-14.7 B1 O 00 774 1

1S O B2 O 00 774 I

-15.0 01 000 774 d

b2~t 522 MST AVG DENS-I) 000 Rl;/91

AVC DP- lln
AVG BH- “28

.





~6 9) 911 b0200JJUJ40 24242211
Hn B4 *219 GJOO2OO21O 1’)2dl 141\

$1 q! IJ4111) 190 J2C2602’4 2624)0

Qh 94 Q 4 BO11OI6O1JO25J1 201/
ql RO IJo 901 J0140170J7 211814
99 91 ‘97609012 DIOOJJ 2a Jo17

01 101 97150141J2JOJ5021J 119)14

ao /4 b7a70250a4(Jlool 41) !111

9t16@b4210Z)OJ60 29009091109

00 97 B911025(31> 04601 1141109

J91JH1J96J O15020020 O 10111411

~4J)JJ10120170210J9 0+944)0 24

WI?JKI [I IRECTI MC) UND DIR ST DFWI XX) MINI] SPEED :u. /s,

IIJR ~6M JJP 12P ~JM 4AH 21q lJM ‘Jan 4bs 2 1P ]Jm

1+0 15+ 147 151 20 02H O 16 042 0 ]? JO IHlb

121116)1010115019019 01 EOJJ2b 2120

127 12J Llj 107 JO O 19 020 0 JC O JLJJH26JI

:2211711210616019021 01(40 2’4 2H2JJLI

lU>

lJJ

11)~
l~h
1,)1

,JB

Iltl
31

106

llq

227

AHO
J?~J>14Jj4J~o,jo l@0aco190524 ~l~JJ

JH(l 2H5 291 194 9oJoolzol\ 041 26 171J
JqlJMHJi)lj~@b90)Jol 70220 \1441Q2 b

iM4J72Jb lJ>ll101ti02 IO J6051JH Jllo

J*1 J4U J4J J]b 11 0 21 0 J4 II 21 0 4 0 1 0 J220

J.14J19J77J:h$10h7 071; 711Jl?ld(l ‘4 o 9
J’,] )10 Z71 J79 14 J 10 3 II d 11 0 I I J4J III
IJ1 11! 14t.ll\l10111JA4,1 !JOJ1l’J $1 $ () 1
IJW Ill ljl 117 b O b O *01+ O1711J41 b

H n4 nJJOJO(ll!,0J40 I i) JbZl15
: ,’ Ml>714H1401401Lfl J\ Olblt 2111
:H b liO Ilb 4 0 QOlb OJ104bll J$16

h 145 J141 JbO >OIJOJIOIHOlb J’I 1414
:H 1+1 JIAJIIQ llOid O 1?0 100 1JJ4 1916

lb bJl UZ62110t90110 JOOJI II1151J
46 lHl+61171401 b(J190Jl 51b14 1511
4() ‘)44 JJ114O)1OJIO J1OAJ 192019
1> Jlln12aa401Jollol lo Jl16 1617
J) i117JJ51JOlb O14012 O 191 b20J~
J* 10 1+1 llJ 1011 OI4O12O JJJiJ20’Ju
J; \ !46 ]J~ H0901JG*0 J6J125JI
II l+< l!) Ial 9olln1401allJJ as alai
JJ J 149 124 ‘) 01~I11501J)OJl J 4JJI;
JS Q14>IJJIOOIO0 I’) dl>iJJl16 lb16
10 1141)1191J (716 !llb Ol HO JO 151616

us STII DEV(rn/!i)
‘4JE 4hM Jlfl 12W
tibd]Ot, O/
070 FI[1:OI
1214 J212

ono71-)7Llti

0J090H04

LIIOBOH04

[I H070H04

060@ Obl L)+

C16060b O?

0J05J’, Ob
C40>O>06
07060506
05060 hL16
OS 060704
L7b OH O>Oh

17191 MI+
090 BO!Ob
Illaonol

lllol ilo

lJll(IHol

15111111

llon(l:~h

191110 III

,tb C4f14 [)4
0>0$()>00
OUo! OIOL
(I I)179(J ,04

ulo~(lio>

f-J405nlol

c141J’Jo 404

l_t6010JOb

lJ\olo 40$

(J5050nol
[11J051J 607

05010404

0)010404

01040404

lllolo 404

0] 040404
0] I]4041J]

()> II JOIOI

.
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:
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‘1

i
,.. :

;
111
1) I
)1
,1 1
01
II 1

I
o 1
,) 1
,1 1

,) 1
.1 I
01
JI
1) 1
,1 1
01
J 1
01
01
01
Q1
01
01
01
lJl
00
00
00
00
00
f.lo
00
00
0 0
UIJ
(JO
00
00
00
1) o
00
00
0 0
Ob

.,. . .8 ::%!
!.q ~a? .) ;Ii

:4 b ~i 3 ,),1
lY 5 H: J lo
:.1 H 1 ,) Ji)
1’ b tiJ ,) ‘:0
:111 *! ) 90
!1>’ ,. . Jo
. .. . 4 14 J 00
II 1 )n q Jo
l-l m 18 0 Ucl
1> 5 14ti 0 90
;4IJH1OOO
147 HOOO0
iolt41000
!b J 14J O 00
:la?laaoo
lb9tJ 1900
18 4 14J O L70
II 1 Ml o 00
lbld JOOO
lm J MJ o 00
IO IJMUO IJO
lbt UIOOO
Ioutlllooo
lb 1 H: o do
15 U142000
lb ESLOOO
Illnaooo

lb. ~ 14~ O 00
160 UJOO0
157eaooo
I4QH1OOO

-11.4 In 0,00
l1771~oo
lta66 boo
140 b1000

14 1 ba 000
Ilawooo
IJS 50000
11056000

la 1 %4 o 00
14 1 ‘II 000

I4451OOO
1444QOO0
It 1) 49 Q no

Ilao’lobo
I164SOO0
Ilrqlooo
lln46Juo
lln4’il)oo
Ill 4> 000
I)64*O04J
1170+000
lld4%ooo
IJ.4 44 000

.?n~ , ~,;,.w !)
!74 I

“:44

1:4 -J

::4 1

:t~+

1:4 8
7:4 0
:)4 b
:)4 )

)14 H

174 H
774 ]

714 b

1;4 b

714 5

774,4

114 1

174 a

174 1
1,.4 J

:!4 a

:,4J

114 I

714 4

114 b

114 b
l?4, b
114.7

174,1

174, b
174.6
774 6
774,7
774 0
174.8
774.7
174.1
714 1
774 a
774 9
774 n
174 0
1“14 a
114 b
114 5
\!4 1
1)4 o
1/144
1[1 Q
IIJ d
Ila 9
1)1 7
I!a 5
Ila t
Ila I
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